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ABSTRACT 
The Bundelkhand massif occupies the central portion of 
the Indian plate and forms a semicircular to triangular outcrop 
covering an area of 26,000 sq . kms. The massif i s delineated by 
the Indo— Gangetlc alluvium In the nor th , the Son-Narmada lineament 
in the south and the Great Boundary Fault in the west. The 
evolution of the massif has Involved several phases of magmatic 
episodes from basic to fe ls lc . The dominant rock types of the 
massif are represented by granit ic rocks . Sarkar et al (1969) on 
the basis of K-Ar dating of hornblende and biot i te suggested that 
granltization closed during the period of 2500 to 2400 Ma, however, 
Crawfrod (1970) using Rb-Sr technique placed the age of 
Bundelkhand granite at 2550 Ma. 
The tectonic position of the Bundelkhand granite i s 
significant in the regional framework of Indian sub-continent. The 
Bundelkhand granitic massif i s a composite body of dominantly acid 
magmatic rocks ; i t has largely remained undifferentiated. Detailed 
geochemical study has not been undertaken to discriminate and 
delineate the different phases of grani tes . The tectonic environment 
of emplacement of the granites have also not been carr ied out so 
far. The proximity of Bundelkhand massif to the much debated 
Son-Narmada lineament deserves special attention. An understanding 
to the tectonic setting of emplacement of the granites and i t s relation 
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to the major Lineament may help In dlclpherlng the erstwhile 
lithospheric plate configuration. 
Five genetically different types of granite have been 
deciphered and delineated in the northeastern part of the massif 
around Mahoba. Xenoliths of varying sizes, shapes and orientations 
have been observed in the granitic rocks. The varying directions 
of the foliations in the xenoliths suggest that the xenoliths are the 
caught up fragments of the intruded rocks rather than ungranitised 
relicts of the country rocks. 
The oldest granitic phase deciphered in the area is 
termed as hornblende granite. It is a dark grey coloured medium 
grained rock with small phenocrysts of feldspar. Enclaves of 
hornblende granite are encountered in all the younger granites. 
The hornblende granite is intruded by the foliated biotite granite 
which exhibits porphyritic texture with two generations of feldspar 
phenocrysts, pre-tectonic and syn-to post-tectonic. Porphyritic 
biotite granite, a coarse grained rock with large phenocrysts of 
feldspar, is intrusive into foliated biotite granite. The coarse 
grained leucogranite has intruded into the porphyritic biotite 
granite. The fine grained leucogranite is the youngest granite in 
the area and is intrusive into all the older types of granite. 
All the five types of granite, in general, have similar 
mineralogy with difference in relative content of individual phases. 
All of them are one-mica granite containing biot i te only. The 
charac ter i s t ic minerals of the older th ree types include hornblende, 
plagioclase and K-feldspars; the two younger leucogranites are 
conspicuous by the absence of hornblende. 
Various types of pe r th i t e a re observed in a l l the types 
of granite . Myrmekitic intergrowth i s fa ir ly common in al l the 
granites except the older two, the hornblende granite and the 
porphyr i t ic biot i te granite where i t i s r a r e . Plagioclase in a l l 
the five types of granite except the oldest hornblende granite i s 
generally sodic in nature . Relatively more calcic plagioclase is 
observed in the hornblende grani te . Carlsbad twinning and normal 
zoning in plagioclase with calcic core intensely a l tered to ser ic i te 
surrounded by sodic she l l , are common features of the plagioclase. 
The plots of the four younger types of Bundelkhand 
granite l ie mainly in the granite field on the St reckeisen ' s (1976) 
classification diagram, however, the oldest hornblende granite 
extends from the granodiorite to granite f ield. Plots of a l l the 
five types of granite a re concentrated mainly in the central part 
of the modal quar tz-a lb i te-or thoclase diagram; the field corresponds 
to low temperature trough. Restriction of the plots in and around 
the low temperature trough RuggnRts that the grnnitn cooled slowly 
maintaining equilibrium throughout. 
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The I - type nature of the Bundelkhand granite i s revealed 
by various major and trace element discriminant diagrams. The plots 
of the Bundelkhand granites on Ga/Al vs K^O + Na^O, (K^O + Na^O] 
/ CaO, K O/MgO and FBO/MRO and Ga/Al vs 7,r, Nb, Y and 7,n l ie 
in the erogenic ( I - 8 S-type) granite f ield. Some plots of the 
youngest leucogranites, however, are scat tered and extended into 
anorogenic A-type granite f ield. Plots on CaO vs SiO diagram 
define a nagative l inear correlat ion, an a r ray character is t ic of I-
type plutons world over . On the classification scheme diagram of 
Debon and Le Fort (1983, 1988) based on the parameters: Q = Si/3 
- (K + Na + 2Ca/3), P = K-(Na + Ca), A = A1-(K + Na + 2Ca), 
B = Fe + Mg + Ti and F = 555 - (Q + B) , the plots of the older 
two types of Bundelkhand granite occupy the granodiorite and 
adamellite f ie lds , whereas the th ree younger granites plot in the 
granite f ield. The older two granites are extended into the 
metaluminous domain; the three younger granites plot in the 
peraluminous domain. The trend of the Bundelkhand granite i s 
similar to that of cafemic and alumino-cafemic rock association. 
The trend of the older granites indicates the i r calc-alkal ine nature, 
whereas the younger leucogranites correspond to subalkaline potasslc 
type . Debon et al (1987) concluded that the granites with cafemic 
and alumino-cafemic character and calc-alkal ine to sub-alkal ine nature 
are related with the oceanic subduction processes . 
Trace element concentrations and the i r ra t ios in different 
types of Bundelkhand granite on Marker 's variat ion diagram reveal 
a trend similar to that of granitic l iquid produced by fractional 
crysta l l izat ion. The figures show a good posi t ive l inear correlation 
with U, Th and Rb and strong negative l inear correlation with Sr, 
Ba and V. The elemental ra t ios Rb/Sr and K/Ba show strong 
posi t ive correlat ion, whereas negative correlation is observed for 
K/Rb and Ba/Rb. All these t rends correlate with the trends 
observed for granitic melt produced by fractional crystal l izat ion 
from a common parental comagmatic source. 
The chemical composition of Bundelkhand granite plotted 
on AFM diagram reveals i t s calc-alkal ine affinity and the pattern 
corresponds to that of Sierra Nevada bathol i th which i s considered 
to be calc-alkaline inland continental margin magmatism. Majority 
of the samples of Bundelkhand granite on Wright 's (1969) alkalinity 
rat io vs SiO diagram plot on the calc-alkaline field; a few, 
however, plot in the alkaline f ield. The plots of Bundelkhand 
granites on Rogers and Greenberg 's (1981) diagram, based on SiO 
vs Log (K^O/MgO), occupy both calc-alkal ine as well as alkaline 
fields and follow the trend similar to that of Sierra Nevada and 
Ben Ghnema ba thol i ths , both of them are concluded to be related 
with continental margin magmatism. The three older granites on 
the Sy lves t e r ' s (1989) discriminant diagram, based on (Al 0 +CaO)/ 
(FeO^+Na^O+K^O) vs 100 (MgO+FeO^+Ti02)/Si02. plot in the 
calc-alkal ine and strongly peraluminous f ie lds , whereas the two 
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younger leucogranites l ie in the highly fractionated calc-alkaline 
granitoid field which, according to Sylvester (1989), i s a var ie ty 
of alkaline grani toids . 
Incompatible trace element pa Hern for Bundelkhand 
granites shows a re la t ive ly smooth pattern witth significant depletion 
in Y content for the oldest hornblende granite in relation to the 
other t ypes . The pat tern of the hornblende granite correla tes with 
Y-depleted granitic rocks of East Antarctic shield which are inferred 
to be syn-collision grani tes . The pat terns for the younger var ie t ies 
of Bundelkhand granites , showing significant enrichment in Y content 
with larger negative Sr and Ti anomalies, a re similar to undepleted 
granite of East Antarctic sh ie ld . The Y-undepleted granites of East 
Anatactic shield are believed to be syn-orogenic granites formed 
by melting of felsic crust during the collision of l i thospher lc p la tes . 
The geochemical signatures of Bundelkhand granites reveal 
a spectrum of tectonic setting of intrusion. The oldest hornblende 
granite has a Y-depleted pattern, ccnsistent with hydrous par t ia l melting 
of hornblende and/or garnet bearing mafic source (Sheraton et a l , 
1985). Foliated biot i te granite and po rphyr i t i c biot i te granite show 
significant enrichment in Y with larger negative anomalies of Sr and 
Ti; other LILE are also enriched in rotation to the oldest type. 
The late to post-orogenic melting event i s represented by the 
youngest two leucogranites in the area . The leucogranites correlate 
with highly fractionated felsic I- type granite, which show 
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character is t ics s imilar to A-type. The leucogranites show marked 
enrichment in Y, Zr, Th, K and Rb and depletion in P, Sr, Ti and 
Ba. 
In the present study an attempt has been made to 
elucidate the tectonic setting of emplacement of Bundelkhand granite 
by employing Maniar and P icco l i ' s (1989) discriminant diagram based 
on major elements. The composition of Bundelkhand granites when 
plotted sequentially on the classification scheme proposed by them 
reveals the emplacement of the granites in a continental collision 
tectonic se t -up . However, some of the plots of the two younger 
leucogranites l ie in the post-orogenic granite f ie ld. It may be 
concluded that the Bundelkhand granites were emplaced in a 
continental collision tectonic set t ing. The younger leucogranites may 
be of post-coll ision sett ing. 
From the tectonic map of India i t i s seen that the Indian 
plate i s a composite one with recognisible th ree protoplates v iz . 
Dharwar, Aravalli-Bundelkhand and Singhbhum, coalesced with a Y-
shaped Son-Narmada-Godavari lineament in between them. These 
protoplates came into existence as d iscre te isolated nuclei in the 
Gondwanaland during pre-Gondwana per iod. It i s concluded that 
these protoplates grew in size and la ter collided along Son-Narmada 
lineament; the emplacement of Bundelkhand granite i s a result of 
th i s collision tectonics. This inference is supported by the calc-
y , 
ip;^ 
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alkaline composition of the Bundelkhand granite and i t s close 
s imilar i ty with Sierra Nevada, Ben Ghnema and East Antarctic 
ba tho l i ths , a l l the bathol i ths are believed to be subduction re la ted . 
The younger two leucogranites of Bundelkhand may be of 
post-coll ision set t ing. 
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INTRODUCTION 
Purpose of Study 
The granit ic massif of Bundelkhand l ies in the heart of Indian 
plate and forms a semicircular outcrop delineated by the 
Indo-Gangetic alluvium in the north and the Bijawars, the Vindhyans, 
the Gondwanas and the Deccan basalt in the south (Figure 1); the 
total outcrop area of Bundelkhand massif is 26,000 sq . kms. 
Though the tectonic position of the Bundelkhand granite occupies 
a significant place in the regional framework of the Indian plate, 
yet not much work has been done to decipher the genesis, mode of 
emplacement and the tectonic setting of the granit ic intrusion. The 
Bundelkhand granite covering a vast area has been mapped as a single 
body and has not been differentiated into genetically different types 
by the workers in the first half of the twentieth century. Various 
magmatic episodes in the area have not been deciphered and their 
effects on the host rock have also not been studied so far. Further, 
studies to determine the tectonic environment of the emplacement of 
the granites have not been carried out so far. 
The proximity of Bundelkhand massif to Son-Narmada lineament 
may have some bearing on i t s genetic re la t ionsh ip . An understanding 
of the tectonic setting of the granit ic emplacement and i t s relation 
to the Son-Narmada lineament may help in deciphering the 
configuration of the l i thospher ic plate in the Archean. An attempt 
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Fig . 1. Location map of Bundelkhand massif . 
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has been made to resolve th is problem by petrological and 
geochemical study of the granitic massif. 
Parts of Hamir Pur Dist t . in U .P . , where the granite i s well 
exposed, constitute the proposed area of s tudy . Geological mapping 
of the area was carr ied out using Survey of India toposheet No. 54 
0/15 and 62 C/3 as base maps. Based on field evidence, five 
genetically different types of granlto wore deciphered and 
delineated. 
Geography of the Area 
The granit ic rocks exposed in the area under present study 
constitute the northeastern margin of the Bundelkhand massif. The 
area i s encompassed within lat i tudes 25°16'N and 25°26'N, and 
longitudes 79947'E and 80°3'E. Figure 1 shows the area of study 
which includes Mahoba, Utiyan and Kabrai as some important 
local i t ies . The climate of tho area is soml-arld and the vegetation 
mostly xenophyric. 
Most of the places are accessible by motaralile roads . However, 
some places l ike , Daharra, Tikamau, Dharaun and Ganj are accessible 
by t racks only. At several places quarrying has been done for road 
and building material; these cuttings provide fresh and good 
exposures for field observations as well as sample collection. 
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The outcrop density i s low; approximately 15-20% of the area 
has exposed rocks . The outcrops form isolated h i l l s up to 2 km 
in length; the heights of the outcrop seldom exceed 300-400 feet 
above the surrounding te r ra in . The massive rocks are dislntigrated 
along joint planes into blocks that range in size from few metres 
to tens of metres. Mechanical weathering due to extreme temperature 
variat ion appears to be dominant factor in the disintigration of the 
grani te . The rocks weather into red loose soi l , locally known as 
' moram'. 
Previous Work 
The Bundelkhand massif situated in the northern par t of Indian 
peninsula, has received attention of the geologists since 
mid-nineteenth century. The name, 'Bundelkhand gneiss' was 
proposed by Mallet (1869). The term, 'gne iss ' was used for the 
coarse grained pink coloured granite of uniform composition showing 
poorly developed foliation and almost free from accessory minerals. 
Heron (1935) proposed the term, 'Bundelkhand granite ' for the 
gneisses of the area. Fermor (1909) while discussing the granitic 
ac t iv i ty of Archeans, suggested a post-Dharwarian age for the 
Bundelkhand granite . 
Heron (1935) believed that the massive granitoid gneisses of 
Bundelkhand and South India formed the floor over which the oldest 
sedimentary beds of peninsula were deposi ted. However, Misra (1945, 
1948) reported the presence of motascdiinents in the area which he 
believed to be older than grani tes . Saxena U953, 1956) and Mathur 
(1954) agreed with the view of Misra (1945, 1948) regarding the 
presence of metasediments which are older than granites. They 
observed the presence of quartzi te xenoliths in the granites and 
inferred that the quar tz i tes were grani t ized. Saxena (1961) correlated 
the metasediments with the middle Dharwarian rocks . He considered 
the granitic act ivi ty in Bundelkhand as equivalent of Closepet granite. 
Jhingran (1958) distinguished ten types of granite in the area 
on the basis of colour of feldspar, grain s ize , and variation in the 
content of ferromagnesian minerals. He observed xenoliths of various 
rock types in the granite and suggested an in t rus ive magmatic origin 
of the granite; the granite liquid having formed by anatexis of 
ear l ie r sedimentary rocks . However, a metasomatic origin of the 
granites in Bundelkhand region was later proposed by Saxena (1961). 
On the bas is of petrochemical study of Bundelkhand granites, 
Misra and Sharma (1974) distinguished two pr incipal types of granite 
in the area, a k-poor and a k - r i ch va r i e ty . They also reported 
that the average composition of metasedimentary raft corresponds to 
the composition of granites. 
Misra and Sharma (1975) observed the presence of 
metasediments, quar tz i tes , limestones, grani tes , syeni tes , carbonatites. 
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doleri tes and kera tophyres in Bundelkhand region and suggested that 
the assemblage may be referred to as 'Bundelkhand Complex' and 
the l i thos t ra t igraphic unit as 'Bundelkhand Group ' . They divided 
the Bundelkhand Complex into four formations, namely: (1) Kuraicha 
formation which comprises of amphiboli tes, quartzi tes and migmatites, 
(2) Palar formation Including quar tz i tes , phyl l i tes and ferruginous 
quartzi te and pyrophyl l i t e and diaspore deposi ts (3) Bundelkhand 
granites , ranging in composition from granite, granodiorlte to syenite, 
cover about s ix ty percent of the total outcrop area; and (4) 
Bundelkhand basic intrusives comprising doler i te dykes which occur 
in a regular pattern throughout Bundelkhand. Five phases of folding 
were identified; the F , F and F deformations show excessive 
J. Z o 
flowage of material without the development of cleavage in the rocks. 
The F . and F folding episodes took place after the deposition of 4 5 
Palar formation. 
Sharma ( 1982 and 1983 ) reviewed the l i thos t ra t lgraphy and 
structure of the Bundelkhand complex. He opined that Bundelkhand 
region i s composed of a var ie ty of rocks which have undergone 
metamorphism contemporaneous with several pulses of deformation. 
All these rocks being Intimately re la ted , bear common imprints of 
major episodes of metamorphism and deformation. As such, they have 
been classified into one group, called Bundelkhand Group which has 
been divided into seven formations. These include (1) Kuraicha 
formation, (2) Palar formation, (3) Peron meta-acid volcanics. 
(4) Garhmau grani tes , (5) Matatila granites , (6) Mahoba dolerites 
and (7) Madaura ul t rabas ics . 
The petrological evolution of the Bundelkhand Group has been 
through the Archean time; the volcanogenic sediments constitute 
the oldest c rus ta l mater ial . The Bundelkhand craton can he 
classified into two divisions on the basis of the degree of 
metamorphism; the older rocks have been metamorphosed to the upper 
medium grade facies, whereas the rocks of younger division 
correspond to low grade metamorphic facies (Sharma, 1982). The 
ear l ie r crust was separated into a deeper amphiboli t ic layer and an 
upper gneissic layer; the gneissic layer through anatexis has given 
r i se to different types of granite. 
The structures developed in the Bundelkhand massif are a result 
of la teral compression and ver t ica l movement of the craton. The 
s ty le and at t i tude of folds, trends of foliation and domal features, 
north and northeast trending lineaments, west and northwest trending 
lineaments, faulted contact with the Bijawar and the Vindhyan, and 
regional tectonic framework correspond with the major tectonics of 
the Narmada-Son lineament, boundary faults of the Aravalli and normal 
faults of the Indo-Gangetic trough (Sharma, 1982). 
Sharma (1983) suggested that the Narmada-Son lineament i s a 
tectonic zone dissecting the Indian shield into northern and southern 
segments. The movement along th i s tectonic zone and i t s strain 
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his tory have an important bearing on the tectonics of the Bundelkhand 
complex. Roday and Bhatt (1980) a t t r ibuted the deformation in the 
Narmada valley to the longitudinal tangential s t ra in and flexure s l i p . 
The gash and tension fractures opening upward whose trends are 
paral le l to the lineament, have been in terpreted as a product of the 
buckling of the crus t . The granite occurring in th i s tectonic zone, 
paral le l to the lineament are possible remnant of an old crust that 
has been cut by t ransverse and longitudinal faults. These granites 
are not considered to be intrusive in the fault zones (Sharma, 1983). 
However, Das et al (1982) found a posi t ive correlation of K 0 vs 
Al 0 plots of Buldelkhand granite and a t t r ibuted th i s to an igneous 
origin of the granite. They also observed a proportionate enrichment 
of U in younger granites indicated by gradual decrease in U/Th rat io . 
This order , they thought, may be taken as the possible sequence 
of emplacement of various granites . 
Several episodes of granitic ac t iv i ty in the Bundelkhand massif 
were deciphorod by Basu (1986). On tho basis of field relationship 
corroborated by petrography and geochomlcal study, he distinguished 
twenty episodes of Igneous act ivi ty which Included tliroo main types 
of granite, (1) Porphyr i t lc coarso grained granite (2) Porphyri t ic 
medium grained granite and (3) non-porphyri t ic to sparsely 
porphyr i t i c medium to fine grained leucogranites. Besides these types 
of granite, a number of other var ie t ies have also been reported by 
him. He observed a s imilar i ty in geochemistry of the different 
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in t rus ive granites of Bundelkhand massif and opined that these were 
possibly derived from the same melt. He also reported the 
conspicuous absence of any enclaves of schis t and high grade rocks 
within the granit ic plutons. Basu inferred that the magmatism has 
been the pr incipal mechanism of rock generation and concluded that 
the quartz reefs are intrusive veins in contrast to the sedimentary 
origin claimed by some of the ea r l i e r workers . Lack of muscovite 
in the granite indicates medium to upper level formation of granites. 
On the basis of K-Ar dating of hornblende and biot i te from the 
amphibolite and biot i te sch is t s of the Kuraicha formation, Sarkar 
et al (1964) and Sarkar et al (1969) suggested that the Bundelkhand 
orogeny, regional metamorphism and granitization closed during the 
period of 2500 to 2400 Ma. However, Crawford (1970), using Rb-Sr 
method, considered the granit ic rocks of Bundelkhand and Berach 
to be coeval at 2550 Ma. The granites have intruded the older 
undated sediments in the area. 
Various ear l ie r workers working on par t s of the Bundelkhand 
massif proposed different views regarding the origin of Bundelkhand 
grani tes . There is a controversy on the number of phases of igneous 
ac t iv i ty and the i r tectonic se t -up . Present study is aimed to 
differentiate the genetically different granit ic episodes and to 
determine the tectonic setting of emplacement in relation to the Son-
Narmada lineament. 
CHAPTER II 
GEOLOGICAL SET-UP 
The Bundelkhand g r a n i t i c massif s i t u a t e d In t h e n o r t h e r n p a r t 
of pen in su l a r Ind i a , i s a s e m i c i r c u l a r o u t c r o p , su r rounded b y t h e 
Bi jawar , t h e Vindhyans , t h e Gondwanas and t h e Deccan t r a p s in 
t h e south and b y t h e Indo-Gangetic a l luv ium in- t h e n o r t h . It i s 
b e l i e v e d t h a t t h e massif e x t e n d s to t h e Narmada-Son l ineament in 
t h e sou th , t h e Great Boundary Fault of t h e A r a v a l l i s in t h e west 
and t h e Himalayas in t h e n o r t h (Naqvi and Rogers, 1987) . 
Geophys ica l i n v e s t i g a t i o n s r e v e a l t h e n o r t h e a s t e r l y ex tens ion of the 
g r a n i t i c massif below t h e al luvium des igna ted as t h e Fa izabad ( s u b -
sur face) Ridge ( S a s t r y e t a l , 1971) . The o u t c r o p s in t h e t e r r a i n 
of the massif a ro s c a t l o r o d and i s o l a t o d . A widn v a r i e t y of r ocks 
a r e exposed In the a r e a ; t h e most dominant being t h e g r a n i t i c r ocks 
of s e v e r a l genera t ions which cove r more than s i x t y percen t of the 
to ta l ou tc rop aron . 
Pascoe (1950) and C h a t t e r j i e t al (1971) h a v e c o r r e l a t e d 
t h e regional s t r a t i g r a p h i c sequence of t h e Bundelkhand massif wi th 
t h e adjoining a r e a s (Tab le 1 ) . 
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Table 1: Strat igraphic succession in the Dundelkhand region. 
Malwa Deccan Traps (Cretaceous - Eocene) 
Vindtiyan Supergroup (1500 - 500 Ma) 
Unconformity 
Bijawar and Gawalior group (2400-2300 Ma) 
Unconformity 
Bundelkhand granitic complex (2600 Ma) 
Mahroni Formation (Archean) 
Tlio oarl lor workers havo cnrrlnd out studios in different 
par t s of the massif; s t ra t igraphic successions determined by 
different workers are givon in Tabic 2. 
The present study area l ies in the northeastern part of the 
massif around Mahoba, Distt . Hamirpur. The granitic rocks are 
well exposed in the area in the form of isolated hi l locks; thei r 
heights seldom exceed 300-400 feet above the surrounding country. 
The outcrops are detached and scat tered due to intense and deep 
weathering. Small jointed and fragmented blocks of different sizes 
are common in the area. Based on field re la t ionship, five 
genetically different types of granite were identified and delineated 
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in t h e a r e a . The geology of t h e s t u d y a r ea i s shown in Figure 
2; t h e s t r u c t u r a l da t a and sample loca t ions a r e p l o t t e d in Figure 
3 . The age r e l a t i o n s h i p of d i f fe ren t t y p e s of g ran i t e a s i n f e r r ed 
b y f ield o b s e r e v a t i o n s i s given in Tab le 3 . 
T a b l e 3: S t r a t i g r a p h y of the Bunde lkhand Massif around Mahoba. 
Dole r i t e Dykes 
Quartz Reefs 
Ap l i t e s and Pegmat i tes 
Fine Grained Leucograni te (FLG) 
Coarse Grained Leucograni te (CLG) 
P o r p h y r i t i c B io t i t e Grani te (PEG) 
Fo l i a t ed B io t i t e Grani te (FBG) 
Hornblende Grani te (HG) 
Basement Rocks 
Basement Rocks 
The o l d e s t rock encountered in t h e a r ea i s a d a r k coloured 
b i o t i t e r i c h r o c k , compact and h a r d , e x h i b i t i n g pe r f ec t fo l ia t ion. 
The cons t i tuent mine ra l s i d e n t i f i e d in t h e r o c k a r e b i o t i t e , q u a r t z , 
p l a g i o c l a s e , a p a t i t e and o p a q u e s ; b i o t i t e i s dominant wi th numerous 
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inclusions of apat i te . Crystals of bioti te exhibi t parallel 
orientation (Figure 4) . 
Xenoliths of varying sizes of the biot i te r ich rock have been 
found in the granit ic rocks . Generally the xenoliths have sharp 
contacts with tho enclosing granite and show no ovidenco of any 
v i s ib le reaction between them. At places chil led contacts are 
observed. The enclaves occur in different orientations in the 
granite as i s indicated by the varying direction of foliation in the 
xenoliths within a small outcrop. This suggests that they are 
caught up fragments of intruded rocks ra ther than ungranitised 
rel icts of the older country rock. Xenoliths of quartzi tes are 
r a r e , sometimes they exhibi t al ternate fine lamellae of mafic 
minerals with quartz bands. Enclaves of basement rocks mainly 
occur in the older types , whereas the xenoli ths in younger var ie t ies 
are r a r e . 
Hornblende Granite 
The granitic rocks of the oldest phase in the area under present 
investigation is a medium grained rock, light to dark grey in colour 
with small phenocrysts of feldspar . The concentration of 
ferromagnesian minerals in the rock is h igh . 
The most prominent outcrop in th i s granitic body is located 
nloHR Mahoba-Chark l ia r i rogd where \i occurs in (hn forni nf r.rnnll 
i^ i n;ure A. i 'hotonicrof^raoh shoi-^in^; ' ' l a ra l le l oi?ient?^tion 
of blofci te (3) rn't'l inclusionf i of a p a t i t e (,i) i r 
TQ-noliths of hfisement rock . 
17 
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h i l locks . Small isolated outcrops of hornblende granite are also 
found around Daharra, northeast of Mahoba where i t i s intruded 
by the foliated biot i te granite; mixture of the two rock types 
formed a hybr id rock. The hornblende granite also occurs in the 
form of xenoli ths of varying shapes and sizes in the younger 
granites of the area. 
Xenoliths of dull black coloured biot i te r ich basement rocks 
a re common in the granite (Figure 5 ) . Small fragments of basalt ic 
rocks present in the granite, impart a spotted appearance. The 
size of basal t ic fragments are commonly less than 1 cm but 
sometimes i t is as large as 4 cm in length. The rock is intruded 
by several generations of quartz veins (Figure 6 ) . Towards east 
of Karehra Kalan, the porphyritic biot i te granite and the fine grained 
leucogranite are found to have intruded into the hornblende granite; 
the hybr id rock produced by the mixture of those granites appears 
l ike a migmatite. Three prominent se ts of joints a re present , thei r 
t rends are NNW-SSE, N-S and NE-SW. 
Foliated Biotite Granite 
The foliated biot i te granite i s the most dominant type of 
granite occuring in the area. The rock forms large ridges around 
Pachpahra and Chandu vil lages towards wost of Mahoba, and around 
Tikamau in the northeast of Mahoba. 'I'he granite occupies a large 
Figure 5. Xenolith of basenexit rock in hornolende granite 
'iu). Small veins of HG traverse the "enolith. 
Figure o. uornoiende granite is intruaed bj 3e^ /or^ i 
fenerations of nuarxz veins. 
19 
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area around Kabrai, Ganj and at Dharaun, about 20 km. north of 
Mahoba. 
The granite i s grey in colour, generally l ight but at places 
i t ranges from light to dark grey. The rock i s coarse grained 
with a porphyr l t i c texture having tabular phenocrysts of feldspars . 
The groundmass i s medium grained, composed of quar tz , feldspar 
and small c rys ta ls of b io t i te . The granite locally exhibits foliation; 
al ternate bands of biot i te and feldspar impart a gneissic texture 
to the rock. Foliation i s well developed in the granite exposed 
at Tlkamau northeast of Mahooa and towards south of Dharaun. 
Dark coloured ferromagnesian minerals arc segregated into thin 
s t reaks which together with parallelism of elongated crys ta ls of 
feldspar phenocrysts impart a banded appearance to the rock . 
Feldspar phenocrysts in the rock are of two generations, the p re -
tectonic feldspar phenocrysts have a high length to width ratio 
ranging from 5:1 to 7 :1 , whereas the dimentions of the post- and 
syn-tectonic phenocrysts , var ies Irom 4 x 1.8, 5 x 2.5 to 3 x 1.3 
centimetre and the general foliation trend is NVV-SE. 
Joints are the prominent s tructural features of the rock; five 
sets of joints have been identified in the granite . Three sets 
of joints, however, are more prominent. Weathering along the joints 
has resulted into the development of tabular blocks. The degree 
of weathering along the joints var ies considerably within a single 
outcrop. Veins of apl i te and quartz have intruded along the joints. 
-21-
Xenoliths of varying shape and size of old metabasic rocks 
are common in the granite (Figure 7 ) . The granite also contains 
xenoli ths of hornblende granite (Figure 8) , which indicate an older 
age of the hornblende grani te . The foliated biot i te granite, in 
turn, i s intruded by the porphyr i t i c b iot i te granite with a sharp 
contact between the two granites as observed at Mahoba near Madan 
Sagar (Figure 9 ) . Veins of porphyr i t i c b iot i te granite within the 
foliated biot i te granite, have physical continuity with' the main 
body of the porphyr i t i c biot i te grani te . This indicates the 
intrusion of the porphyr i t i c biot i te granite into the foliated bioti te 
granite and hence a re la t ive ly younger age and a magmatic origin 
of the porphyr i t ic bioti te granite . 
Porphyritic Biotite Granite 
Large outcrops of porphyr i t i c granite are seen at Karehra Kalan 
and Mahoba. The rock is coarse grained having large phenocrysts 
of fe ldspars . The colour of the granite varying from pink to grey 
shows gradational change within short dis tances . The variation 
in colour has probably no genetic significance and may only be a 
superficial feature. Three se ts of joints, trending NW-SE, NNW-
SSE and E-W, are prominent. 
The rock i s not very compact, it weathers by exfoliation 
eas i ly . The outcrops form gentle s lopes . The nature of weathering 
Fif^ure '/". "'^ •^ ""'•^ T.sic ^enol i t h s (basenent "nocc) i i f o l i a t e d 
b i o t j m i t e . 
li'ip-^ure 8. -venoiituri of hnrnb lenae -T-anite UiU) in f o i l s ted 
D i o t l t e Pivanlte. 
22 
Fi'^uve '^. .Sharo c o n t a c t f iventherf^d) b^fivepn f o l i i t e d 
b i o t i t e ";T"snite ('^ ^ ^G) a '^-i noT^n'n r^r'i t i c b i o t i t p 
^ r a n i t e (PJT) . 
w±p-^u'^ ' 1'). Cenolith.s of m e t a b a s i t e s , cut ac ross b^ 
l a x e r ^pc!-rm.tite v e i n , i n n o r ^ h y r i t i c b i o t i t e 
^ r a n i t e . 
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of the porphyr i t i c biot i te granite Is different from that of other 
va r i e t i e s . On weathering, the granite forms a deep red coloured 
soi l , locally known as 'moram' which is used in building 
construction. Major pa r t s of the outcrops of the granite in the 
area is highly weathered and has been changed to 'moram' . 
Xenoliths of metabasites, migmatites and sometimes metasediments 
(Figure 10 G 11) occur in porphyr i t i c biot i te granite. At Karehra 
Kalan, xenoli ths of hornblende granite are very commonly observed 
in porphyr i t ic biot i te granite (Figure 12) . The contact of granite 
with xenoliths i s very sharp which indicates that the magma was 
not very hot at the time of intrusion. A few large porphyroblasts 
of feldspar extend across the contact of porphyr i t ic bioti te granite 
and xenoli ths of metabasites; they have probably formed at a later 
stage by reaction between the granitic liquid and the xenoli ths. 
The porphyr i t ic biot i te granite i s intruded by the coarse 
grained leucogranite, as seen towards the north of Mahoba along 
Mahoba-Bilbai road, the contact between the two is sharp (Figure 
13). This suggests an older age of porphyr i t i c biot i te granite 
in relation to coarse grained leucogranite. 
Coarse Grained Leucogranite 
The granite i s exposed in a large par t of the area, north 
of Mahoba and at Kalipahari along Mahoba - Kabrai road. In the 
i<'igure 11. Xenolith of migmatite in porohyr i t i c b i o t i t e 
CTanite. 
T.^ i,o.ui^ e 1^. . .euo. i tns of var ious shapes and s izes of 
^ aornblende .granite (HG) i^ oort)hyritxc b i o l i t e 
o-ranite ( P^G) indicf^tinr, younpier ae;e of .<-. 
25 
Pi^^urc 1). Vein of coarse g ra ined leuco grani te (v']ILG) 
i.i Tor^hyr iTic b i o t i t e - r a n i t e (PI3G) i t idicat in^-
an o l d e r a^e of P3CT. 
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Kabrai area, the outcrop of the granite i s seen at Utiyan. The 
leucogranite i s a massive medium grained rock comprising mainly 
of quartz and pink coloured fe ldspars ; ferromagnesian minerals 
constitute a small proportion of the rock. 
Xenoliths of foliated biot i te granite, found in the rock indicate 
younger age of the leucogranite. This is supported by the intrusive 
relation of the leucogranite into poriiTyrl-tic biot i te granite. Tho coarse 
grained leucogranite has been intruded by ap l i t i c granite which has 
been termed as fine grained leucogranite. 
Biotite is the common ferromagnesian mineral in the rock which 
exh ib i t s preferred orientation at p laces . The trend of foliation i s 
para l le l to the NW-SE joint. 
Fine Grained Leucogranite 
This i s the youngest granit ic rock exposed in the area. It 
i s a compact leucocratic rock of brown to grey colour. The granite 
i s in t rus ive into al l the older types of granite and occurs in the 
form of veins and dykes ranging in thickness from a few cm to 
a few metres. At Daharra towards northeast of Mahoba, i t forms 
the most prominent outcrop where i t occurs in the form of small 
h i l locks . Veins of apl i te and pegmatite are also common at 
Daharra, 
• 2 8 -
Jolnts are poorly developed in the granite, the most prominent 
of them being in NE-SW direction. 
The granite i s uniformly fine grained and i s mainly composed 
of quartz and feldspar . Biotite, the only ferromagnesian mineral 
present in the rock, is in much less concentration than in the other 
four types of granite . The granite is observed to have been 
intruded Into the metabaslles and all the olhor typos of grnnllo 
occuring in the area; at places enclaves of the older granites 
(Figure 14 8 15) are found in the fine grained leucogranite. The 
composition of the rock has been modified by the assimilat ive 
reaction of the granite with the host rock. 
Figu r 14. -Photograph sho d n ^ shar^ c o n t a c t between 
" o l i a t e d D i o t i t e g r a n i t e (PiG) and f ine g ra ined 
l e u c o g r a n i t e ( *"'1JG) v/ith - e n o l i t n s of hornblende 
gran i te ( T x) i n li'LG. 
v±n-y,j^e 1 . Enclaves of lo i i -^ ted o i o t i t e ^raniLe ( '' >^ i; 
i 1 f ine -^rainea l e u c o g r a n i t e . 
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CHAPTER III 
PETROLOGY OF THE GRANITES 
Modal Analysis of the Granites 
Determination of the mineral composition and the i r re la t ive 
proportions in the various types of granit ic rock exposed in the 
area were carr ied out to differentiate and classify the granite types 
on the basis of thei r mineralogy. K-feldspars in thin sections were 
stained using the method suggested by Baily and Stevens (1960) to 
differentiate them from untwinned plagioclases. The thin sections 
were etched by concentrated hydrofluoric acid and then dipped into 
a solution of Sodium Cobalt ini t r i te . As a resul t , the K-feldspars 
were stained yellow. Modal compositions of the five types of granite 
were determined by the point count method of Chayes (1956). Fifty 
thin sections, ten of each type of grnnaite were studied to determine 
the modal abundance of the constituent minerals. 
The five types of granite have similar mineral composition. 
However, differences in tho rolntivo projiorUnn nl various minerals 
in the different types of granite can be observed. The range and 
average modal composition of the five types of granite are presented 
in Table 4. 
The variation in the re la t ive proportions of different minerals 
in the various types of granite i s evident . The three older granites 
a re enriched in ferroniagnesian minerals including biotite and 
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hornblende and have high content of plaRioclase, whereas K-feldspar 
i s re lat ively low. In the younger granites, the content of 
ferromagnesian minerals and plagioclase decreases with concomitant 
increase in K-feldspar and quartz . The two older granites have a 
higher plagioclase : K-feldspar ra t io , whereas the younger granites 
have a p lagioclase : K-feldspar ra t io of less than 1. Absence of 
hornblende in the younger two leucogranites i s significant. 
The modal quartz , potash feldspar and plagioclase (recalculated 
to 100%) were plotted on the Orthoclase-Albite-Quartz phase diagram 
(Figure 16) of James and Hamilton (1969). Plots of all the five 
types of granite are concentrated mainly in the central part of the 
diagram. However, the plots of the two older granites , having a 
plagioclase : k- fe ldspar ra t io of more than 1, are dis t inct ly res t r ic ted 
towards the plagioclase field, whereas the three younger granites 
plot towards k-fe ldspar field. 
These plots are also res t r ic ted in and around the area of low 
temperature trough suggesting that the granites cooled slowly 
maintaining ocjuilibrium tlirouglioul llio coolhig. 
Modal values of quartz , a lb i te and orthoclase were plotted 
on the St reckeisen ' s (1976) classification diagram (Figure 17). The 
plots of the hornblende granite extend from the granodiorite to 
granite field, whereas the plots of foliated bioti te granite, 
porphyr i t i c biot i te granite, coarse grained leucogranite and fine 
grained leucogranite are res t r ic ted to the granite f ield. 
-33-
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Petrography of the Granitic Rocks 
Hornblende Granite 
On the basis of field re la t ionship , the hornblende granite is 
inferred to be the oldest granite in the area. Xenoliths of 
hornblende granite are found in all the younger types . 
It is a medium grained rock generally showing hypidiomorphic 
granular texture , at places, small phenocrysts of plagioclase are 
found in the rock. The clusters of ferromagnesian minerals impart 
a spotted appearance to the rock. 
Plagioclase i s the dominant mineral and constitute about 30.3% 
to 43.3% of the rock by volume; the average being 36.7%. The 
plagioclase is sodic in composition, ranging from An to An „. Zoning 
in plagioclase i s common, the calcic core being re la t ively more 
al tered than the rims in the zoned plagioclases (Figure 18). 
Antiperthi t ic intergrowth of microclinn is commonly observed In tho 
rock; most of the microcline grains within the plagioclase crys ta ls 
show similar optical orientation (I'iguro 1!)). Ilio formntion of tlie 
ant iper th i te may be at t r ibuted to the growth of microcline on low 
energy surfaces of ea l r ier formed plagioclases. Sometimes plagioclase 
grains are par t ia l ly enclosed within the biot i te c rys ta ls (Figure 
20) which indicates the ear l ier crystal l izat ion of plagioclase. 
Myrmekitic intergrowth is ve ry r a r e , a few plagioclase grains show 
enclaves of quartz which is believed to be of exsolution origin. 
pin^ ur..". -IS. Zoning in ;olaa;ioGl'ase vith an altered 
calcic core and a clear nodic rim. 'Jnossed 
Dolars. 
Fi -^ir-c ly. Anti-oerthitic intergrowth of -nicrocline, 
Most of the microcline f^ rains shov/ similar 
onticai orientation. Crossed :^)olars 
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Fin-ure 20. ?1 afi'locl ase ( r") 
b i o t i t p (B) ovYst-^l r . 
nRrti-T,] 1 y enclosed vn t h i n 
Gr-ossed -^lolars. 
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Quartz i s also fair ly abundant in the rock, i t has a modal 
concentration of 24.8 to 36.5%, with an average of 29.6% by volume. 
Quartz occurs in the form of subhedral to anhedral grains, the 
contact between the quartz c rys ta l s are highly embayed. 
K-feldspar, mainly microcline, i s re la t ive ly less abundant and 
constitutes an average of about 20% of the rock by volume. 
Untwinned orthoclase c rys ta l s in the rock are very r a r e . Vein 
per th i te is also observed which i s inferred to be of exsolutlon 
origin. 
Biotite and hornblende comprise an average of 6.3% and 3.1% 
of the rock, respec t ive ly . Alteration of biot i te to chlori te is 
common. Sphene, zircon, apat i te and magnetite are common accessories; 
sometimes these minerals occur as inclusions in b io t i te . 
Foliated Biotite Granite 
The general texture of the rock is hypidiomorphic granular. 
The rock sometimes exh ib i t s porphyr i t i c texture with phenocrysts 
of microcline set in the matrix of quartz, plagioclase, microcline 
and b io t i te . Plagioclase is the dominant mineral in the rock having 
mean modal abundance of 37%, quartz comprises 30.9% and K-feldspar 
25.2% of the total rock. 
Plagioclase in the rock ranges in composition from An to An . 
6 16 
Normal zoning is also observed in some of the plagioclase c rys ta l s , 
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the calcic core being intensely al tered to s e r i c i t e . K-feldspars 
are re la t ive ly less al tered and are generally per th i t i c in nature. 
Several types of pe r th i t e have been reported to occur simultaneously 
in per th i t ic microcline (Smith, 1974). 
Arinmson (1942) and Smith (1974) ohsorvnd that tho porthltns 
from Plutonic rocks show a range of textures which appears to 
depend on the bulk chemistry and on the tectonic environment. 
Michot (1961) invented the term mesoperthlte for a special type of 
microperthi te whose lamellae are so intimately Interrelated that 
nei ther phase appears to dominate. Anderson (1966) opined that the 
two components of mesoperthlte tend to occur equal ly. Soldatos (1962) 
studied microcline pe r th i t e from Yxsjeveberg, Sweden and observed 
two generations of micro-albi te , the coarser may be termed as film 
per th i t e and the finer one, string pe r th i t e . The various types of 
pe r th i t e occuring in the rock are shown in Figures 21 and 22. 
Sometimes veins of a lb i te from plagioclase extend into K-feldspar 
suggesting Its oxsolutlon origin (P'lgurn 23). 
Myrmekitic intergrowth is also observed; i t is 
character is t ica l ly res t r ic ted along the contact of K-feldspar and 
plagioclase. In a few cases, quartz occurs as elongated band in 
K-feldspar. Most of the myrmekites have a covex margin towards 
K-feldspar. The vermicules of quartz are uniformly dis t r ibuted and 
typical ly thicker at the boundary of plagioclase and become 
vnnishingly thinner towards the K-feldspnr boundary (Figure 24). 
Qurtz also occurs as i r regular droplets in K-feldspar. The quartz 
Fir-UT-e ?1 . iVlesooerthite v/ith i i i t imately i r i ter re la ted 
lamel lae . Crossed "HOI'^T'S. 
Fip:ure //^. Tvo '-venerations of rnicro-albi te , the 
coarsen one, fil"i oe r th i t e an i^ the f iner OVIQ ^ 
strin'-'' oer^-hit',. Gros'^eci oolars . 
^i/^ure 23- 7eins of a l b i t e from plar^ioclase e-tend 
i i t o i:-feli.'3oar (ICf). Jroased i:>olars. 
?i"-ure; .;-+. 'lyrmekite interf^rov/th wit i vermiculen 
-uar tz uniformly d i s t r i b u t e d ±'n 
Cro3.5ed oolars . 
lolagioclase. 
- 4 2 -
rods were concluded to be younger than the enclosins plaRlonlaBe 
and older than the K-feldspar (Sarma and Raja, 1958, 1959). 
Myrmekite occuring at the boundary of K-feldspar in contact with 
plagloclase i s concluded to have formed as a result of corrosion 
(Drescher-Kaden, 1948). He also opined that the myrmekite may 
signify a metasomatic origin. Graphic intergrowth of quartz and 
microcllne is also observed in a few samples (Figure 25). 
Biotite i s the most dominant accessory mineral and constitute 
4.3% of the rock by volume; some c rys ta l s of bioti te are par t ia l ly 
al tered to ch lor i te . At places, biot i te encloses apat i te and zircon 
grains which may indicate the growth of biot i te c rys ta l s within a 
melt (Noyes et a l , 1903). Grains of zircon have well developed 
crys ta l faces and are zoned (Figure 26). Zoning of zircon indicates 
the evolution of magma by fractional crystal l izat ion process (Martin, 
1987). 
The deformation of the rock is manifested by the strained 
quartz grains and fracturing of plagioclase twin lamellae. 
Porphyr i t ic Biotite Granite 
The granite is very coarse grained with a porphyr i t ic texture, 
the large phenocrysts of microcllne are set in the groundmass 
composed of small grains of feldspar, quartz and biot i te . 
''ip^ure 25. Grapiiic i n t e r g r o w t h 01 a u a r t z (1) and 
m i c r o c l i n e ( i l ) . Jrosoed o o i a r s . 
^T'. 
''»*i I 
F1 f;ure 2o. joneu eu . ie i ra l '/.ircon. J ros ^ca 00 L xr . 
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K-feldspar i s the dominant mineral constituting about 39.4% of 
the rock by volume. Quartz has a mean modal abundance of 32.7%, 
whereas plagioclase, occuring as subordinate to both the K-feldspar 
and quartz , forms an average of 24.7% of the rock. Quartz grains 
are generally subhedral with embayed outline. Post-crystal l izat ion 
deformation of the rock i s indicated by the bending of the biotite 
c rys ta l s (Figure 27). 
Plagioclase ranges in composition from An to A . Normal 
6 11 
zoning in plagioclase i s common, the al tered calcic core is mantled 
by clear a lb i te r im. Abundance of car lsbad twinning in plagioclases 
suggests a mgmatic origin of the grani te . Vermicular intergrowth of 
quartz in plagioclase is r a r e . 
Microcline occurs both as large phenocrysts and as small grains 
in the groundmass; th is may be at t r ibuted to the poly baric 
crystal l izat ion of the granit ic magma. Large c rys ta l s of microcline 
a re generally pe r th i t i c which i s considered to be of replacement 
origin. Veins and str ingers of a lb i te extend from plagioclase into 
microcline (Figure 28). It i s inferred that the per th i te forming 
solutions have infil trated the K-feldspar along the interleptonic 
spaces provided by cracks and cleavages. 
Biotite, generally green in colour, constitutes about 2.7% of 
the rock by volume. The accessory minerals include apat i te , sphene, 
epidote and zircon. 
Pigure 27. P o s t - c r j s t a l l i z a t l o n defornation of the 
rock 'Tianifested by the bending of b i o t l t e (3) 
c rys ta l s . Crossed t)olars. 
Fi<n;ure 28. Veins and s t r in i jers of a i o i t e extend from 
plagiocla^e { i^) i n to -nicrocline (.1). Crossed oolars, 
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Coarse Grained Leucogranite 
It Is n rnodium to conrsG Rralnorl rnoRsivo rnck cornposod mainly 
of potash feldspar and quartz which constitute an average of 37.2% 
nnri Sfi.lli of tho rock hy volninR, rnRpnnllvnly. Mnjorlty of Ihn 
microcline grains are per th i t i c in nature. The per th i tes are of 
var iab le type and are inferred to have formed by replacement as 
well as exsolution processes . Myrmekitlc intergrowth, generally 
res t r ic ted at the microcline-plagioclase contact (Figure 29), suggests 
an exsolution origin of the myrmekite (Hubbard, 1966, 1967). Quartz 
also occurs as inclusion in plagioclase and microcline. 
Plagioclase is subordinate to both K-feldspar and quartz and 
constitutes an average of 23.1% of the rock; the grains are generally 
weathered to se r i c i t e . Plagioclase composition ranges from An to 
o 
An . Inclusion of plagioclase c rys ta l s within K-feldspar suggest 
ear l ie r crystal l izat ion of plagioclase. Normal zoning and Carlsbad 
twinning in plagioclases suggest a magmatic origin of the granite. 
Biotite is the major ferromagnesian mineral, it constitutes about 
1.9% of the rock. Hornblende, in contrast to older types, is 
conspicuously absent. Zircon c rys ta l s are generally euhedral in shape. 
The presence of zoned crys ta l s of zircon (Figure 30) suggests 
evolution of magma through fractional crystal l izat ion process (Martin, 
1987). Sphene, epidote and apat i tes are common accessories. 
i^'if^ure -^q. ly rnek i t e in tergro^vth r e n t r i c t e i i flt t i p 
n icrocl 3 i^-'-^larioclaTG c o n t n c t . Cros^spi l o l a r g . 
^i^nirp 31. juae I'^ai "one i i r c o i . ^ m ^a JO i r (~i -pe* 
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Flne Grained Leucogranlte 
The fine grained leucogranite i s the youngest granite in the 
area; i t is observed to have intruded into all the older types of 
granite. The rock is massive having hypidiomorphic granular texture 
and shows s imilar i ty with foliated biot i te granite . However, it is 
finer grained and has lower content of ferromagnesian minerals. 
The granite i s composed mainly of quartz and microcline which 
constitutes an average of 37.6% and 34.5% of the rock by volume, 
respec t ive ly . Plagioclase is subordinate in amount to both quartz and 
potash feldspar . Microcline i s generally per th i t ic with veins of 
a lbi tes d is t r ibuted uniformly throughout the grain. The textures 
of per th i tes suggest i t s origin by exsolution as well as replacement 
processes. 
Plagioclase ranges in composition from An to An , some 
plagioclase c rys ta l s show normal zoning having a relatively more altered 
calcic core (Figure 31). Myrmekitic intergrowth is common; in some 
cases quartz blebs are observed to exlond from [)lagioclase across 
the contact into microcline (Figure 32). Stress may have been 
responsible for promoting exsolution and migration of exsolved quartz 
to grain boundaries. Smith (1974) opined that the stress 
accompanying rock deformation provide channels for migration of 
solutions, par t ly by generating regions of usually high and unusually 
low pressure which favour appropr ia te material . 
Pi;jure 31 . i^lagioclase 
CrosKei Dolar.i. 
crystal vixth normal zonlnp-. 
i^ i.^ iire 32. Myrmekite inte-i"p;rov;th with bleb of quartz 
e::tending fro i ola;^ ;iocla'3e ( ^) across t'le contact 
into 'nicrocline ( i). Crossed oolars. 
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Biotite i s the only major ferromagnesian constituent of the rock, 
the average modal value beln.q 2.2\. Similar to coarse grained 
leucogranite, hornblende is significantly not found in the rock, 
Sphene, zircon, and apat i te a re very r a r e , whereas the opaques are 
commonly dis t r ibuted throughout the rock. Garnet and muscovite 
i s observed only In one sample. The granite shows l i t t l e effect 
of deformation. 
An-Content of Plagioclase 
The plagioclase composition i s a very significant indicator of 
the physico-chemical condition of rock formation. Barth (1969) 
suggested that plagioclase of low pressure- temperature formation is 
nearly pure a lb i te but plagioclase of higher pressure-temperature 
var ies in the composition. Kuno (1956) opined that at high 
temperature a lb i te i s always contaminated with appreciable amount 
of anorthlte in solid solution. 
The composition of plagioclase in 50 samples, 10 of each of 
the five types of granite, was determined by the Rittman method 
(Emmons, 1943). The result is presented in Table 5. 
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Table 5 : Plagioclase composition in the five types of granite. 
Rock Type An-content 
Hornblende granite 
Foliated bioti te granite 
porphyr i t i c bioti te granite 
Coarse grained leucogranite 
Fine grained leucogranite 
Ang -
An^ -
An^ -
An^ -
An^ -
• ^ " l 8 
• ^ 1 6 
• ^ " u 
- % 4 
• ^ " l 6 
It i s evident from Table 5 that there is not much 
difference in the An-content of plagioclases among the five types 
of granite; the plagioclase is generally sodic in composition. 
Hornblende granite, however, has s l ight ly more calcic plagioclases 
than the other types . 
plagioclase TwinninR 
The nature and type of twinning in plagioclase provides 
important clues about the origin of the rock; the nature of 
plagioclase twinning in igneous rocks differs from the twinning in 
metamorphic plagioclases (Gorai, 1951; Vance, 1961; Tobi, 1962; 
Seifert, 1964). 
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Goral (1951) observed B charac ter i s t ic difference in the type 
of plagioclase twin in magmatic and metamorphic rocks . He classified 
the plagioclase twinning into two types , A-type and C-type. A-type 
twinning is found both in igneous and metamorphic rocks; it Includes 
lamellar a lb i t e , acline and pericl ine twins, alone or in combination. 
Secondary glide twins formed due to deformation by external forces 
after the growth of the crys ta l are also grouped in A-type twins. 
The C-type twins include Carlsbad, a lbi te-Car lsbad and penetration 
twins which are developed in the crys ta l during growth and is 
res t r ic ted in the magmatic rocks . Abundance of C-type Carlsbad 
twinning In plagioclases- in all the five types of Bundelkhand granite 
may indicate the i r magmatic origin. A similar conclusion was also 
drawn by Alam (1979). 
Zoning in Plagioclase 
The plagioclase c rys ta l s in al l the five types of Bundelkhand 
granite are zoned; the calcic core being Intensely al tered to ser ic i te . 
The presence of zoning in the plagioclase grains may suggest a 
magmatic origin of the grani tes . Normal zoning in plagioclases (sodic 
shel l s around calcic cores) Indicates a magmatic origin. In a 
magmatic system as crystal l izat ion proceeds, a ser ies of compositional 
changes is induced by regularly decreasing temperature. At the 
ini t ial high temperature, calcic plagioclase is in equilibrium with 
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the chemical environment. Witn decreasing temperature, successively 
more sodic rims are developed, the result being a zoned plagioclase 
with a calcic core surrounded by a ser ies of she l l s of increasing 
sodium content towards the circumference (Barth, 1962; Smith, 1974). 
CHAPTER IV 
GEOCHEMISTRY 
Trace elements provide useful tool for modelling or tracing 
igneous fractionation processes (Cast, 1968; Haskin et a ] , 1970; 
Zielinski and Frey, 1970; Hubbard et al , 1971; Weill et al» 1974]. 
Tausan (1965) opined that a number of important problems in 
petrogenesis may be solved by using data on the nature of the 
dis tr ibut ion of the t race elements in igneous rocks . The data can 
be uti l ized in determining age sequence of individual intrusive 
phases . Valsov (1966) observed that rocks are more clearly 
distinguished wiih the help of trace elements than with common rock 
forming minerals. 
The trace elements, present in the magma in small quantity, 
ra re ly form the i r own mineral. These elements substi tute for 
different cations and are widely d is t r ibuted in the structures of 
common minerals of rock. Mason and Moore (1985) suggested that 
the fate of an element during magmatic crystal l izat ion i s linked with 
i t s concentration in the magma and the nature of the structural 
la t t ices that may form. The silicon and aluminium content of the 
magma and temperature are the factors controlling the . sequence of 
c rys ta l lat t ices which act as a sorting mechanism for the cations. 
• 5 4 -
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In a mineral, each major element i s present in a definite 
proportion and in a par t icular ra t io with the other constituent 
elements with which they bear close relat ionship in terms of ionic 
r ad i i , electfonegativity, and ionization potential under a part icular 
set of physical conditions. Varying content of certain trace elements 
in a mineral i s related to the course of crystal l izat ion and changes 
in the physical conditions. 
Tauson (1968) observed that the processes of 
crystal lo-differentiat ion in abyssal bathol i ths lead to a higher 
concentration of some elements and a sha rp decrease in o t h e r s . 
The acid differentiates intensively accumulate elements 
crystal lochemically associated with potassium (Rb, Cs,Tl etc) or 
those which build up s table compounds with volat i le (Li, Ba, U 
etc) but are depleted in the content of elements crystallo-chemically 
related to magnesium and iron (Zn, Cu, Ni, Co e tc ) . The 
geochemical h is tory of the r a re elements in magmatic processes and 
special ly the i r distr ibution in rocks depends mainly on the ratio 
of the i r atoms which are in a s ta te of crystallochemical dispersion 
to those which remain in solution. This ra t io will change with 
composition, size and depth of intrusion. 
Geochemical analyses of 54 samples of granites were carried 
out to determine the nature of the granites , their composition and 
genesis. Major and trace elements were analysed by the modified 
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rapid analysis method of Shapiro and Brannock (1962); the U.S.G.S. 
Standards, G , GSP , and AGV were used as internal s tandards . 
One gm. of sample was digested in hydrofluoric acid and then 
i t was transferred to 100 ml volumetric flask to prepare the solution 
B which was used to determine the concentration of major elements, 
Na 0, K 0, CaO, MgO, total Iron, and MnO on Double Beam Atomic 
Absorption Spectrophotometer. The trace elements, Rb, Ba, Sr, Cu, 
Co, Ni, Cr, Zn, Pb and Li were determined on Atomic Absorption 
Spectrophotometer d i rec t ly from the solution B. Concentrations of 
V, Y, Nb were determined on ICP and Zr, Ga, U and Th were 
analysed by XRF. P 0 and TiO were determined by 
Spectrophotometer using colour ions of respect ive elements and 
measuring the absorbance on selected wavelengths. 
Solution A was used to determine the concentration of SiO 
and Al 0 in the rock; it was prepared by fusion of 0.1 gm of rock 
powder with NaOII pel lots In nlnknl nniclbln. 'I'bn Rolntion wns 
mixed with 1:1 HCl and then t ransferred to one l i t r e volumetric 
f lask. The concentration of SIO and Al O was determined by 
spectrophotometer using colour ions of respect ive elements and 
measuring the absorbance on selected wavelength, 640 mu for SiO 
2 
and 475 mu for Al^O^. The concentrations of major elements as 
oxides and trace element in the different types of Bundelkhand 
granite are presented in Table 6. Complete analytical data i s given 
in Appendix A. 
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Tab le 6 : Mean Chemical Composit ion 
n rnn l to . 
of Major and T r a c e Elements and T h e i r Rat ios in t h e F ive T y p e s of Bundelkhanri 
Major Elements 
(Ox ide Wt. %) 
Hornblende 
Gran i te 
(B samples) 
F o l i a t e d 
B i o t l t e 
Granite 
(14 samples) 
P o r p h y r l t l c 
Bio t l te 
Grani te 
(8 s amples ) 
Coarse 
Grained 
Leucogranite 
(13 samples ) 
Fine 
Grained 
Leucograni te 
(10 samples ) 
S l ° 2 
"°2 
MnO 
MgO 
CaO 
Na^O 
•^2° 
^°5 
Total 
Trace Elements 
(ppm) 
Ba 
Rb 
Sr 
Cr 
Nl 
cu 
zn 
CO 
P b 
H, 
V 
Nb** 
Y** 
Zr* ' 
or 
t)** 
Ttf* 
Al^Oj/CaOtNa OtK, 
K^O/Na^O 
K/Rb 
K/Ba 
Rb /Sr 
U/Th 
Nl/Co 
Zr/Y 
T l /Zr 
Tl /Nb 
* -
05.54 
0.57 
15.86 
4.47 
O.ORB 
1.38 
3.07 
3.72 
4.34 
0.23 
99 .25 
899 
201 
293 
54 
36 
13 
74 
20 
15 
35 
57 
21 
24 
182 
12 
4 
12 
2" 1.42 
1.17 
181 
41 
0 .725 
0 .36 
1.63 
10.15 
10.n 
175.75 
Fe 0 was de termined as to ta l i i 
69.79 
0.34 
14.59 
2.15 
0.054 
0.91 
1.94 
3.81 
4 .41 
0.14 
98.13 
465 
325 
190 
43 
30 
9 
60 
22 
21 
39 
48 
21 
34 
224 
16 
14 
44 
1.49 
1.27 
124 
106 
i.aa 
0.31 
1.48 
6.10 
10.91 
120.98 
•on. 
70.91 
0.39 
14.96 
2.37 
0.047 
0.66 
1.48 
3.32 
5.55 
0.16 
99.65 
219 
318 
142 
36 
24 
10 
66 
22 
22 
45 
38 
27 
41 
276 
14 
14 
49 
1.46 
1.66 
117 
246 
2.84 
0 .29 
1.17 
6.92 
8.78 
100.41 
72.64 
0.28 
15.17 
1.50 
0.029 
0.45 
0.98 
3.31 
5.78 
0.09 
100.23 
334 
451 
94 
28 
22 
9 
56 
25 
38 
29 
25 
24 
35 
223 
15 
18 
68 
1.50 
1.76 
110 
147 
5.29 
0.27 
1.01 
5.49 
7.54 
73.35 
74.03 
0.16 
15.13 
1.02 
0.025 
0.57 
0.85 
3.36 
5.78 
0.06 
100.99 
136 
489 
67 
45 
30 
8 
45 
30 
28 
28 
14 
27 
46 
142 
14 
26 
62 
1.52 
1.69 
105 
544 
8.25 
0.44 
1.07 
3 .06 
5.99 
34.81 
Number of samples v a r y from 1 to 6. 
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The behaviour of Si, Al, Na, Ca, K, Fe, and Mg are very 
helpful to determine the h is tory of magma evolution and the process 
of differentiation. The concentrations of major elements in all the 
five types of Bundelkhand granite a re plotted on Marker 's (1909) 
diagram to decipher the process of formation of magma, whether 
by par t ia l melting or differentiation. All the plots (Figure 33) 
exhibi t a linear correlation with respect to age. It i s evident from 
the figure that the abundance of Al 0 and Na 0 in all the five 
types of granite have very l i t t l e variat ion, the t rend, however, 
shows a poor negative correlation. The plots of K 0 is somewhat 
sca t tered . However , a progressive enrichment of K 0 in younger 
var ie t ies of granite can be observed. The trend of CaO, MgO, F^^O 
TiO , MnO and P„0 shows a strong negative linear correlation with 2 2 5 
respect to age, from older to younger grani tes . 
The trend of major element obtained on Marker 's diagram 
appears to be consistent with the process of differentiation in the 
evolution of magma. 
The trace elements are part i t ioned more strongly than major 
elements into e i ther the crys ta l l ine or liquid phase making them 
more sensi t ive indicator of both degree and mechanism of 
differentiation (Drake 6 Weill, 1975). Probably the most important 
advantage in the study of trace element over the major elements 
i s that the t race elements are diluted in the solid or liquid 
solutions in ^^ch they are dissolved and the i r thermodynamic act ivi ty 
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Figure 33. Marker 's variation diagrams of major elements 
in granitic rocks of Bundelkhand massif. 
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i s d i rec t ly proportional to i t s mole fraction; th i s simplifies the 
thermodynamic analysis of interphase part i t ioning. 
Trace elements, par t icular ly the immobile elements, are 
re la t ive ly more resis tant to post-crystal l izat ion secondary processes. 
The ratio of trace elements with corresponding major elments with 
which they bear close re la t ionship , such as K/Rb, Ba/Rb, Rb/Sr, 
Ca/Sr e tc . are widely ut i l ised in the interpretat ion of sequence 
of differentiation of granitic rocks and the i r re la t ive ages (Taylor 
and Heier I960; Zlohin and F.ohodnv, IHGO]. 
Rb is considered to be a good indicator of differentiation 
because i t does not form i t s own minerals but replaces K in the 
K-bearing minerals (Stavrov, 1971; Zlobin and Lebedev, 1960; 
Valsov, 1966). Due to i ts lower ionization potential and 
electronegativi ty, Rb i s more mobile and i s one of the most 
chemically active element. I t s ionic radius and other 
crystallochemical proper t ies exhibi t close relat ionship with K(Valsov, 
1966). 
The progress ive enrichment of Rb in residual magmas can lead 
to concentration of 500 ppm or more, and K/Rb rat io of less than 
100 in late stages of granites and rhyol i tes (Taylor et al , 1956). 
The crustal abundance of Rb is 90 ppm, the average K/Rb ratio is 
230. The common anomaly, low K/Rb rat io indicating Rb enrichment 
i s found special ly In pegmatites (Heier and Taylor, 1959; Taylor 
- e l -
and Heier 1958, 1960) and some la ter stage granites (Taylor et a l , 
1956). Taylor (1965) suggested that an increase in rubidium re la t ive 
to potassium in a sequence of granites intrusions can be interpreted 
as indicating the order of intrusion. 
Butler et al , (1962) have discriminated the granites of 
Northern Nigeria having closely similar mineralogy and major element 
contents into sequence of intrusion on the basis of K/Rb ra t ios . They 
conclude that as granite approach the ternary minimum in the system 
SiO - NaAlSiO - KAlSiO , the major element composition will tend 2 4 4 
towards uniformity and hence i t i s the t race elements that provide 
the evidence to separate the stages of differentiation. They have 
also suggested that other highly fractionated elements, such as , Cs, 
Th, Ba, or Sr should also prove valuable as differentiation indices. 
Erlank (1968) opined that the greatest potential use of the K/Rb 
rat io will probaby be for intorprntlng and comparing dlfforontlntlon 
sequences. K/Rb rat io has also been used to understand petrogenesis 
and mode of evolution of granitic magma (Arth and Hanson, 1975; 
Whitney et a l , 1976; Onion and Pankhurst , 1978; Imeokparia, 1984; 
Charoy, 1986; Santosh and Drury, 1988). 
The K/Rb rat io in the Bundelkhand granites may be applied 
to discriminate the granites on the basis of the degree of 
differentiation. All the plots on the K vs Rb diagram (Figure 34) 
l ie between K/Rb ratio of 200 and 75; the rat io progressively 
decreases in younger var ie t ies because of the Rb enrichment in late 
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stage of magma formation. The average K/Rb rat io of the different 
types of granite var ies from 181 for the oldest to 105 for the 
youngest granite . The K vs Rb plots of the three older granites 
In Bundelkhand on Tay lor ' s (1965) diagram l ie in the granite field 
whereas plots of coarse grained leucogranite are more concentrated 
towards late stage granaite field, and those of the youngest granite 
l ie within the late stage graniffe • field (Figure 35). 
The K/Rb ratio plotted against SiO (Figure 36) shows a good 
negative linear correlation with respect to age of the granite, as 
determined by field observat ions. Taylor and Heier (1960) observed 
that Rb and Ba in K-bearing minerals provide a cr i t ica l index of 
fractionation because Ba has a tendency to be captured in the ear l ier 
K-minerals, wheras Rb is enriched in the residual melts. Ba, 
Rb, and Sr are considered useful for modelling in granite system 
because they occur only in the major s i l ica te minerals (McCarthy 
and Hasty, 1976). Hanson (1978) proposed a petrogenetic modelling 
of the granitic rocks by using mineral/melt dis tr ibut ion coefficient 
of Rb, Ba, Sr and REE and applied i t to discriminate the mode of 
evolution of granitic magma, e i ther by part ial melting or 
differentiation. 
The behaviour of Rb, Ba and Sr and the i r ra t ios have been 
used to interpret the process of evolution of the granitic rocks (Arth 
and Hanson, 1975; MarCarthy and Fr ipp , 1978; Onion and Pankhurst, 
- 6 4 -
1978; Noyes et al, 1983; Tuach et a l ,1986; Kleemann and Twist 1989; 
Eby and Kochhar, 1990). 
Trace element concentrations and the i r rat ios In different types 
of Bundelkhand granite were plotted on Marker 's diagram (Figure 
36,Q 37). The figures show a good pos i t ive linear correlation with 
U, Th and Rb and strong negative linear variation with Sr, Ba and 
V. Among elemental ra t ios , Rb/Sr and K/Ba show a strong positive 
correlation, whereas negative l inear correlation i s observed for K/Rb 
and Ba/Rb. The trend Is in accordance with the production of 
granite melt by the fractional crystal l izat ion of a common parental 
comagmatic source. Mittlefehldt and Miller (1983) observed a 
decreasing trend in Ba and Sr with increase in Rb content in the 
Sweetwater Wash pluton. They concluded that the trend is produced 
by fractional crysta l l izat ion. Imeokaparia (1984), also suggested 
t h a t t h e t rond Ind ica los tho prodncUon of Rranl l lc l iqu id by 
fractional crystal l izat ion. 
Sr and Ba show a posi t ive correlation with CaO, whereas Rb 
has a negative relation (Figure 38); the plots follow the trend of 
fractionation. K/Rb vs Rb/Sr plots for Bundelkhand granite also 
follow the trend of fractional crystal l izat ion as indicated by the 
decrease in K/Rb rat io with concomitant increase in Rb/Sr ratio 
(Figure 39). 
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Rb vs Sr plots of Bundelkhand granites show a progressive 
increase in Rb/Sr ra t io in the younger granites (Figure 40). The 
Rb/Sr ra t io in the oldest type i s less than 1, whereas the fine 
grained leucogranite has a ra t io of more than 4. The plots of Ba 
vs Sr depict a falling Ba/Sr ra t io with progress ive fractionation from 
older to younger granites (Figure 41). 
El-Bouseilly and El-Shokkary (1975) plotted the Rb, Ba, and 
Sr values (ppm values recalculated to 100%) on a ternary diagram to 
determine the differentiation trend of the granitic rocks . The ternary 
plots of Rb, Ba, and Sr for Bundelkhand granite (Figure 42) defines 
a continuous variation that extends from the Ra apex to the Rb apex. 
The plots of the hornblende granite l ie within the anomalous granite 
field, whereas the plots of the younger granites follow the 
differentiation trend, progressively from older to younger in age. 
It may be concluded that the dis t r ibut ion pattern of Ba, Sr, 
Rb and the i r relat ionship on variat ion diagrams in the Bundelkhand 
granite together with the trend of major and trace elements and their 
ra t ios on Barke r ' s diagram follow a trend similar to that of granites 
formed by fractional crystal l izat ion. 
The plots of Bundelkhand granites on K 0 vs Na 0 variation 
diagram (Figure 43) exhib i t a progressive enrichment trend in K 0 
concentration in the younger grani tes . The K 0/Na 0 rat ios in the 
two older granites are less than 1.5; the i r plots mainly l ie in the 
-69-
Figure 40. Rb vs Sr plots^of Bundelkhand granitea 
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Figure 41. Plots of Bundelkhand granites on Ba vs Sr 
diagram (after Heier and Taylor, 1959), 
(symbofe as in Figure 40). 
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adamellite field, whereas the rat io exceeds 1.5 in the three younger 
granites which plot in the granite f ield. Similar trend is also 
observed in the Na 0- K 0 - CaO ternary diagram (Figure 44) where 
the two older granites plot in quartz monzonite field and the younger 
granites are clustered in the granite f ield. This correlates with 
Taylor ' s (1985) view who observed the abundance nnd dnminntlnn of 
sodium-rich granites in the early Archean; the la ter granites are found 
to be potassium r i ch . 
The potassium enrichment with relation to younger intrusions 
in the Precambrian granites of South India has also been reported 
by Raju et a l , (1983) who have at t r ibuted the phenomena to the 
increasing K 0 concentration in the source material from Archean to 
Proterozolc. The source for Archean granitoids i s believed to be 
Na-rich and that for the Proterozoic and younger granitoid was 
re la t ively K-rich. 
Geochemical Classification of the granites 
Chappell and White (1974) classified the granites into I-and 
S-types on the basis of the nature of source material . The 
identification of source on the bs i s of chemical and mineralogical 
charac ter is t ics was further discussed by White and Chappell (1977 
and 1983), Hine et . al, (1978), Chappell (1984), and Clemens and Wall, 
(1988). Backinsale (1979) opined that the I - type and S-type granites 
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are approximately equivalent to the magnetite ser ies granite and 
ilmenite se r ies grani te , respect ive ly of Ishihara (1977). Debon and 
Le Port (1983) suggested that the cafemic and aluminous association 
of rocks, distinguished by thei r nomenclature scheme, are 
approximately equivalent to I- and S- types respect ively of Chappell 
and White (1974), though the genetic interpretat ion may differ. The 
I- and S- type granites are calc-alkal ine in nature and are associated 
with the convergent plate boundaries (Middlemost, 1985). Loiselle 
and Wones (1979) proposed a th i rd type of granite, the A- type, 
which i s related with the anorogenic environment (tensional s t ress 
regime). They suggested that the A- type granite i s produced along 
rif t zone and within stable continental blocks. 
Pi tcher (1982), on the basis of the tectonic setting 
charac ter is t ics of the various erogenic granites subdivided the I- type 
granite into three types ; (a) M-type, (b) I- (cordil leran) type aqd (c) 
1- (Caledonian) type . The M-type or mantle type granites are 
developed in ocean island arcs from mantle der ived parent magmas; 
the rock ranges in composition from gabbro to tonali te . 
Herms et a l . (1981), Collins et a l . (1982), and Jackson et a l . 
(1984) reported that for a given SiO content. A- type granite contains 
higher concentrations of Fe and Na + K and highly charged cations, 
such as Ga, Nh, Y, Zr and RRR. Rby (19R7) obsnrvod that in many 
tensional magmatic environments, the A-type granites are accompanied 
by the granites of different chemical charac ter i s t ics which often show 
-75-
features similar to I- and S- type grani tes . Whalen et a l . (1987) 
also observed th i s phenomenon and proposed a discrimination diagram 
using plots of Ga/Al rat io vs selected major and trace elements to 
distinguish the orogenic ( I - and S- type granites) from A-type 
granite; high Ga/Al value is diagnostic of A-type granite. They have 
also suggested the application of Zr+Nb+Ce+Y vs FeO/MgO and K 0 + 
Na 0/CaO plots to discriminate the anorogenic A-type granites from 
the orogenic I- and S- types . Sometimes highly fractionated felsic 
I- or S- type granites have similar geochemical character is t ics as 
a typical A-type granite and they overlap the field of A-type granites 
on the discrimination diagram proposed by Whalen et al (1987). 
However, l inear increase in Rb, Rb/Sr, Rb/Ba, Ga/Al and Nb with 
decreasing Ba, Sr, Zr, Y and Ce in the felsic I - o r S- type granites 
reveals the i r fractionated nature, whereas the A-type granites do not 
indicate evidence of strong fractionation (Whalen, 1983). 
The plots of Bundelkhand granites on Ga/Al vs K 0 + Na 0, (K 0 
+ Na 0)/CaO, K 0/MgO and FeO/MgO (Figure 45) and Ga/Al vs Zr, Nb, 
Y, and Zn (Figure 46) l ie in the orogenic ( I - 6 S-type) granite field. 
However, some plots on the Ga/Al vs K 0 + Na 0 and Ga/Al vs Nb 
diagrams are scattered and extend into anorogenic A-type granite field 
which has been observed to be the field of fractionated felsic I-type 
granite also (Whalen et a l , 1987). Fractionated nature of the 
Bundelkhand granite i s evident from the different major and trace 
elements variation diagrams (Figures 36, 378 42). 
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Kleemann and Twist (1989) differentiated the felsic rock of 
Bushveld complex into A-type and I - type on a discrimination diagram 
using SiO vs Zr, Nb, Y and Ce, and Al 0 vs Ga. They have 
demarcated the boundaries between I - type and A-type granites based 
on the data of Collins et a l . (1982). Chemical composition of 
Bundelkhand granites plotted on the Kleemann and Twlsfs(1989) diagram 
(Figure 47 6 48) reveals i t s I - type affinity. However, the Nb vs 
SiO plots are scattered and occupy both the fields of I- and A-type 
grani tes . Rogers et al (1980) observed that the Nb concentrations 
do not show any trend throughout the differentiation sequence in Ben 
Ghnema batholi th thereby casting doubt on the usefulness of Nb in 
discrimination diagrams. 
The Bundelkhand granitfee exhibi t well defined negative linear 
correlation between CaO and SiO on Marker 's diagram (Figure 33). 
This type of l inear ar ray i s cha rac t e r i s t i c of 1-type pluton world 
over (Czamanske et a l , 1981). 
A significant charac ter i s t ics of the Bundelkhand granite i s i t s 
peraluminous composition. Various processes have been proposed for 
the formation of peraluminous magma (Cawthorn et al 1976; McCarthy 
and Groves, 1979; Halliday et a l , 1981; White and Chappell, 1983^ 
Miller, 1985). 
Millar (1985) discussed the source and c r i te r ia for the evolution 
of peraluminous magmas and concluded that sedimentary input of any 
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sort i s not required to produce peraluminous composition; many 
strongly peraluminous rocks had l i t t l e or no contribution from peli t ic 
sediments. Lack of muscovite, garnet or cordier i te and presence of 
hornblende, sphene and magnetite in the Bundelkhand granites are 
not consistent i with the sedimentary parentage for the peraluminous 
composition. 
Cawthorn and Brown (1976) have shown that calc-alkallne magmas 
as a whole grade, with increasing si l ica from metaluminous to 
peraluminous or even to strongly peraluminous. They a t t r ibute th is 
change to fractionation of hornblende which they suggest may pers is t 
until the liquid i s strongly peraluminous. A similar opinion i s held 
by Abott (1981) which is consistent with the experimental results 
of Naney (1983). Zen and Hammarstrom (1982) believe that epidote 
fractionation can also d r ive liquid compositions into the strongly 
peraluminous field. Similar effect may be obtained by the fractionation 
of sphene. Any peraluminous magma produced in these ways should 
have "normal" calc-slkal ine isotopic signature (Miller, 1985). 
Variation trends of major and trace elements in Bundelkhand 
granites are consistent with the variat ions produced by fractional 
crysta l l izat ion. A tendency towards increase in alumina with increase 
in SiO suggests that th is mechanism may have been important in the 
evolution of peraluminous composition of granite magma in the 
Bundelkhand massif. A similar mechanism has been proposed by Barr 
et al (1986) for Cheticamp pluton. 
- 8 1 -
Plots of Bundelkhand granites on the modified ACF diagram of 
White and Chappell (1977) l ie in the biotite-muscovite-plagioclase 
field with a well defined trend towards A (Al-Na-K) apex in relation 
to age (Figure 49). This dis tr ibut ion is not consistent with the 
assumption of simple mechanical mixing of melt and residue (Charoy, 
1986). The regular decrease of Mg content indicates that more 
magnesium phases were s table at l iquidus temperature (Abbott and 
Clarks, 1979; MacRae and Nesbitt , 1980). Bundelkhand granites are 
felsic, I - type and peraluminous in nature. This i s conBtstent with 
the fact that minimum par t ia l melts of basal t ic rocks are peraluminous 
(Helz, 1976). Taylor and McLennan (1985) also advocated that 
fractionated I - types or only minimum temperature melts may be 
peraluminous. Some important features of Bundelkhand gran i te 
compared with the I- S- and A-type granite are given in Table 7. 
It is evident from Table 7 that the Bundelkhand granite 
correlates with the I - type granite as indicated by the presence of 
hornblende, magnetite, sphene and ahsoncn of muRcovlto, garnet and 
codier i te . It i s further evidenced by linear variation trends on 
various variation diagrams, less than 15% mode of biotite and 
presence of metabasic xenoliths in Bundelkhand granite. 
Debon and Le Fort (1983, 1988) proposed a catlonic classification 
scheme of plutonic rocks and their magmatic associations based on 
the parameters Q=Si/3 - (K + Na+2Ca/3), P=K-(Na+Ca), A=A1- (K+Na+2Ca), 
B=Fe+Mg+Ti, and F=555-(Q+B) which are plotted in a set of three 
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dlagrams. Tha method involves two Roqunntlnl RtnpR, tho first stop 
i s concerned with individual sample, the second one aims at deflalng 
the type of magmatic association to which the sample belongs. 
Three main types of associations are distinguished : cafemic, 
from source material mainly or completely derived from mantle, 
aluminous, mainly or completely derived from anatexis of continental 
crust ; and aiumino-cafemic, intermediate between the other two types. 
Cafemic and alumino —cafemic associations are further divided into 
subtypes; thole i l t ic , calc-alkal ine (granodlor l t lc ) , subalkallne 
(monzonitic), alkaline and peralkal ine . 
The clssification scheme of Debon and Le Fort (1983, 1988) was 
applied on Bundelkhand granite . On the "Q-P" diagram (Figure 50), 
the plots of hornblende granite and foliated biotl te granite lie in 
granodiorite and adamellite field which is plagioclase rich,whereas 
the younger granites plot within and near the granite field. The trend 
of the older two types indicates calc-alkaline nature of the granite, 
whereas the younger leucogranites correspond to subalkaline 
potassic type . On the charac te r i s t i c minerals "A-R" diagram (Figure 
51), trend of Bundelkhand granite i s s imilar to cafemic and aiumino-
cafemic association. The older two granites are extended in the 
metaluminous domain and lie in sector ( i v ) . The three younger 
granites plot in the peraluminous domain. The youngest, fine grained 
leucogranite plots in the leucogranitoid f ie ld. 
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a = S i / 3 - (K tNQt2Ca/3 ) 
Perquartzose groni toidsA 
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Figure 50. Distribution of the five types of the Bundelkhand granite 
in the 'nomenclature' diagram proposed by Debon 6 Le Fort 
(1983). The two parameters a re in mill ications. Each field 
correspond, to a rock type : gr granite, ad ndamelllte, gd 
granodlori te , to tonali te, sq quartz syenite, mzq quartz 
monzonite, mzdq quar ts monzodiorite, dq quartz d ior i te , a 
syeni te , mz monzonite, mzgo monzogabbro, go gabbro. Typical 
t rends of different subtypes of cafemic or alumino-cafemic 
associations are shown: THOL tholei i t ic , CALK calk-alkal ine, 
SALKD, SALKL dark and light-coloured subalkaline 
respec t ive ly , ALKS ALKOS alkaline saturated and oversaturated 
respec t ive ly . 
• 8 6 -
1 A = Al - (K* Na • 2 C a ) 
1 0 0 -
-100 
Figure 51 . Distribution of the five types of Bundelkhand 
granites on the ' charac te r i s t i c minerals ' or 'A - B ' 
diagram of Debon and L,e Fort (1983). The two 
parameters are In mlllicatlnns; A is the 'nhiminous 
index ' and B i s proportional to dark mineral content. 
Each of six sectors numbered from I to VI, 
corresponds to a specific mineralogical composition; 
I rocks with Mu > Hi (by volume), II Bi > Mu, III Bi, 
IV Bi+Amph±Cpx, V Cpx±Amph±Bi. The trends of 
the three main types of magmatic associations ( s e e 
the index) are dist inguished: ALUM aluminous, ALCAF 
alumino-cafemic, CAFEM cafemic. Other explanations 
as in Figure 50. 
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Debon and Le Fort (1983) suggested that the cafemlc associations 
always s tar t with the amphibole and/or pyroxene but often end with 
bioti te alone or two mica rocks, whereas the alumino-cafemic 
associations are located mainly or totally within peraluminous domain 
and are essential ly micaceous (biot i te and sometimes two micas); 
amphiboles are commonly present in the dark members. Aluminous 
associations are confined in peraluminous domain and they bear micas 
but no amphiboles; sometimes secondary sphenes may be present. They 
have also suggested that these three associations may have 
peraluminous composition. The presence of hornblende, in the three 
older types of granite and biot i te and sphene in all the types suggest 
that the Bundelkhand granites have similar features with the cafemic 
to alumino-cafemic associations. 
The plots of Bundelkhand granite on "Q-B-F" diagram (Figure 
52) reveal a compositional variation from granodiorite to granite; the 
two younger granites are res t r ic ted in the leucogranite field. The trend 
follows from calc-alkaline to subalkaline field. 
The compositional range and nature of Bundelkhand granite, 
deduced from Debon and Le Fort (1983, 1988) nomenclature scheme, 
indicate a cafemic to alumino-cafemic magmntlc association of rocks. 
The granite var ies in composition from granodiorite to granite and 
corresponds to calc-alkaline to sub-alkaline type and is similar to 
I- type granite of Chappell and White (1974). Debon et al (1987) 
concluded that the granites with cafemic and alumino-cafemic character 
- 8 8 -
Cafemic 8. alu mino - cafemic 
associat ions 
60 50 
B = Dark m ine ra l s V. Feldspars °/» •»-
Muscovite °/o 
Figure 52. Distribution of Bundelkhand granites in the triangular 
quartz- dark minerals-feldspar+muscovite diagram f 'Q-B-F' 
diagram) of Debon fi Le Fort (1983). The parameters in 
mlllications. The different subtypes among the CAI^ GM and 
ALCAF types (Figure 51) of magmatlc associations are 
dist inguished: THOL, CALK, SALKD, SALKL, ALKS, and Al.KOS 
( typical t rends a re shown). Other explanation as in Figure 
50. 
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and calc-alkaline to sub-alkaline nature are related with the oceanic 
subduction processes . 
Nature of Bundelkhand granites 
The chemical composition of Bundelkhand granite, plotted on 
AFM diagram (Figure 53], reveals i t s calc-alkaline affinity. All the 
plots are concentrated within the region of calc-alkaline volcanic and 
Plutonic rocks and are s imilar to the trend of Sierra Nevada batholith 
which is inferred to be calc-alkaline in nature {Bateman et al , 1963). 
Wright (1969) proposed a classification scheme to distinguish 
among strongly alkaline, alkaline and calc-alkaline rocks over the 
full range of s i l ica content. He proposed a simple alkalini ty rat io: 
(Al 0 + CaO +alkal is) / (Al 0 + CaO - alkalis) vs SiO to identify the 
character is t ics . Almost all the plots of Bundelkhand granite on 
alkal ini ty vs si l ica diagram (Figure 54) l ie in the c a l o alkaline field. 
Rogers and Greenberg (1981) have distinguished the ca lc-a lkal ine 
rocks from alkaline granite suite using plot of SiO vs 
Log (K 0/MgO). All the known calc-alkaline granites plot within 
the calc-alkaline field on Rogers' diagram. However, the plots for 
Sierra Nevada batholi th l ie in both the calc-alkaline as well as 
alkaline granite f ie lds . It i s inferred that the Sierra Nevada granite 
i s calc-alkaline in nature; thei r plot in the alkaline field is 
at t r ibuted to the enrichment of a lkal is in the magma from the 
• A 
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Figure 53. Chemical composition of Bundelkhand granites plotted on AFM diagram. 
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Figure 54. Alkalinity ra t io v s SiO diagram of Bundelkhand granites (after 
Wright, 1969). For explanation of symbols see Figure 53. 
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contlnental crust . Sierra Nevada hnthnli th, belnp fnrlhor inland from 
the continental margin, probably t raversed through a thick continental 
crust when i t was emplaced. Rogers et al (1980) have also observed 
a similar trend for Ben Ghnema batholi th and concluded that the alkali 
granites are differentiation product of calc-alkaline suites, 
differentiation apparently occurs in continental-margin environments. 
The plots of Bundelkhand granaites on Rogers and Greenberg's (1981) 
diagram (Figure 55) cover both the calc-alkal ine and alkaline fields 
and follow t h e trend similar to that of Sierra Nevada batholith and 
Ben Ghnema bathol i th . 
Sylvester (1989) classified the granites into three types , calc-
alkaline granitoids, strongly peraluminous granitoids and alkaline 
grani tes . A fourth type, highly fractionated calc-alkaline granitoid 
i s also recognised, but he considered i t to be a var ie ty of alkaline 
granitoids. He proposed a discriminant diagram based on (Al 0 + 
CaO)/<f'eO + Na 0 + K O) vs 100 (MgO + FeO + TiO )/SiO to 
differentiate various types of granite. 
The data of Bundelkhand granitoids were plotted on Sylvester 's 
diagram (Figure 56). The three older granites plot in the 
calc-alkaline and strongly peral\:i'inino\is f ie lds , whorons the plots of 
the two younger leucogranites in the highly fractionated calc-alkaline 
field. Sylvester (1989) observed that some highly fractionated 
differentiates of co-magmatic "normal" calc-alkaline granites plot in 
the alkaline field on the diagram. The close s imilar i t ies between 
-93-
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highly fractionated calc-alkal ine granites and "normal" alkaline A-tpe 
granites have been reported ear l ier by Whalen et al (1987). 
They proposed plots of Zr + Nb + Ce + Y vs FeO /MgO or (K 0 + 
Na 0)CaO to discriminate the highly fractionated calc-alkaline granites 
Li 
from alkaline A-type grani tes . Sylvester , however, considered these 
highly fractionated felsic calc-alkaline granites as a variety of 
alkaline granites . 
Sylvester (1989), correlated his classification of granites with 
the genetic classification of White and Chappell (1983) and found that 
the alkaline granites based on compositional classification are 
equivalent to A-type of White and Chappell (1983); the calc-alkaline 
and highly fractionated felsic calc-alkaline correspond to I - types, 
and the strongly peralumlnous granites are related ei ther to S-type 
or I- type granites . 
It may be inferred from the plots of Bundelkhand granites (Figure 
53, 54, 55 and 56) that all the five types of granite have 
calc-alkaline affinity, the younger intrusions which exhibi t alkaline 
affinity correspond to highly fractionated calc-alkaline granites . The 
Bundelkhand granite correlates with the Sierra Nevada batholith and 
Ben Ghnema batholi th which have been considered to be calc-alkaline 
inland continental margin magmatism (Rogers et a l , 1980; Rogers and 
Greenberg, 1981). 
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Calc-alkaline rocks are developed near compressive plate 
boundaries and they are associated in some way with subducted 
Uthospher ic s lab (Wyllle et a l , 1976; Middlemost, 1985; Defand et 
al , 1988). The calc-alkaline nature of the Bundelkhand granites 
suggests i t s generation in a subduction related tectonic setting. 
CHAPTER 
TECTONIC SETTING OF IJUNDEI.KHAND GRANITE 
The granite controversy i s significant from two points of view; 
the i r confinement to re la t ive ly near the surface and the i r vir tual 
res t r ic t ion to continental crust with almost total absence in the 
oceanic crus t . With the advent of the theory of plate tectonics, 
a great revolution came in the field of geology which abandones many 
older views and hypotheses and sought to explain the geological 
phenomena with a unified dynamic model. Granite problem acquired 
a new dimension as a consequence of the concept of plate tectonics. 
It i s real ised that some tectonic ac t iv i ty , e i ther extensional or 
compressional, must be invoked to explain the initiating trigger of 
magma production and to provide 'room' to the huge granite 
ba thol i ths . 
The Bundelkhand massif occupies the hear t of present Indian 
plate and i s delineated by the Indo-Gangetic alluvium in the 
northeast , the Son-Narmada lineament in the south and the Great 
Boundary Fault in the west (Figure 57). A huge bathol i thic body 
l ike that of Bundelkhand granite in the central portion of the 
present Indian pla te deserves special attention with regard to i t s 
evolution from the tectonic point of view. 
Various major and trace element discriminant diagrams have 
widely been employed to elucidate the tectonic setting of basic 
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v o l n n n l c r o c k R . I l o w o v o r , llinRO dlnKrnniR l invn iiol loniul Riich w k l o 
applications for the plutonic rocks, par t icular ly grani tes , due chiefly 
to the complicated petrogenetic h is tory of granite which involves 
continental crust , besides other factors l ike pressure , temperature, 
volat i le content and source rocks which control the magma dynamics. 
Crystall ization of trace element-rich phases which are of generally 
l i t t l e relevance to basalt genesis can obscure many important 
geochemical signatures of granites thereby making the chemical 
composition of granites difficult to in terpre t (Pearce et a l , 1984). 
In the present s tudy, an attempt has been made to understand the 
tectonic setting of the Bundelkhand granite by using Maniar and 
P icco l i ' s (1989) discrimination diagram based on major elements and 
the trace element spidergrams of granites from known tectonic set-
up (Sun et a l , 1979; Wood et a l , 1979). An approach of th i s kind 
may reveal a different configuration of the ers twhi le Indian plate 
in relation to Son-Narmada lineament. 
Maniar and Piccoll (1989) proposed a classification scheme for 
the tectonic discrimination of granitic rocks based on major element 
chemistry. By applying various discriminant plots , they have 
sequentially distinguished the different tectonic environments, in 
which granitic rocks were emplaced. They distinguished seven types 
of granitoid based on the i r tectonic setting; these are , (1) island 
arc granitoids (lAG), (2) continental arc granitoids (CAG), (3) 
continental collision granitoids (CCG), (4) post-orogenic granitoids 
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(POG), (5) r i f t r e l a t e d g r a n i t o i d s (RRG), (6) cont inenta l ep i rogenic 
up l i f t g r a n i t o i d s (CEUG), and (7) ocean p l a g i o g r a n i t o i d s (OP) . Of 
t h e s e , t h e TAG, CAG, CCG, and POG a r e c o n s i d e r e d as orogenic 
g r a n i t o i d s , w h e r e a s RRG, CEUG and OP a r e b e l i e v e d to be anorogenlc 
g r a n i t o i d s . The s t e p s i nvo lved in d i sc r imina t ing between va r ious 
loclonic onvironii ienls on t h e b a s i s ol Ibo major oloment chemis t ry 
of granitoids are as fo l lows: 
OP i s d i s c r i m i n a t e d from t h e r e s t of t h e g ran i to id r o c k s using 
t h e K 0 v s SiO v a r i a t i o n p l o t s . Discr imina t ion between group I 
(lAG, CCG, CAG), g roup I I (RRG, CEUG), and group III (POG) can 
be a c h i e v e d by using p l o t s of Al 0 v s SiO , FeO (T) /FeO (T) + 
MgO v s SiO , and AFM and ACF t e r n a r y d i a g r a m s . Dis t inc t ion between 
CCG and lAG + CAG can be made on t h e b a s i s of molar concentrat ion 
Al O /(CaO + K O + Na O) (A/CNK). CCG h a s t h e A/CNK r a t i o of 
more than 1.05, whereas lAG + CAG h a v e A/CNK va lues l e s s than 
1 .15 . If, h o w e v e r , t h e r a t i o i s between 1.05 and 1.15, It may not 
be p o s s i b l e to d i s t i n g u i s h CCG from lAG + CAG. -Discr iminat ion 
between RRG and CEUG i s p o s s i b l e by t h e TiO v s SiO p l o t s . 
However , t h e y sugges ted t h a t t h e p roposed d i sc r imina t ion scheme 
i s empe r i ca l and h a v e poin ted out a few l imi ta t ions in t h e i r 
a p p r o a c h . 
An a t t emp t h a s been made to c l a s s i f y t h e Bundelkhand g ran i t e s 
by a p p l y i n g the Manlar and P icco l i (1989) c l a s s i f i ca t ion scheme. 
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Dlscrimlnation between OP and res t of the granitoids was achieved 
by K 0 vs SiO plots (Figure 58); a l l the data of BundelkTiand 
granites correspond to the field of CAG, lAG, CCG, PRG, CEUG, 
and FOG. Al 0 vs SiO , FeO(T)/FeO(T)+ MgO vs SiO^.lAl^O^-Na^O-
K 0) - [FeO(T)] - (MgO), and (Al^O^-Na^O-K^O) - [ FeO(T)+MgO]-
(CaO) plots were applied to differentiate group I (lAG, CAG, CCG), 
group II (RRG, CEUG) and group III (FOG) rocks . Figures 59, 60, 
61 and 62 show that the plots of Bundelkhand granites are 
concentrated in the field identified for group I (lAG, CAG, CCG) 
rocks . However, some plots of the two youngest leucogranites l ie 
in the (FOG) f ield. To discriminate between the various rocks 
(lAG, CAG and CCG) belonging to group I, molar Al 0 /(CaO + K^O 
+ Na 0) (A/CNK) rat io was used (Figure 63). It i s evident from 
the figure that all the samples of Bundelkhand granites have A/CNK 
values greater than 1.2. The chemical composition of the five types 
of Bundelkhand granite i s compared with the granites of different 
tectonic setting in Table 8. As such, the Bundelkhand granites 
are inferred to have continental collision affinity. It may be 
concluded that the Bundelkhand granites were emplaced in a 
continental collision tectonic sett ing. The younger leucogranites 
may be of post-collision setting. 
Sun at al (1979) and Wood et al (1979) proposed a mantle 
normalised Incompatible element spidergram for genetic interpretation 
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of basa l t s . Their spidergram was applied by Harmon et al (1984) 
to study the t race element variat ion in different suites of Brit ish 
Caledonian grani te . Sheraton and Black (1988) plotted the data 
of granitic rocks from the East Antarctic shield on the incompatible 
element spidergram to determine the chemical evolution of granitic 
rocks . The normalised incompatible pat tern of Y-deple ted granitic 
rocks are re la t ive ly smooth, enriched in highly incompatible 
elements (Pb, Ce) but with large negative Nb anomalies. The Y-
undepleted granites have more i r regular pat tern; most elements other 
than Sr are re la t ive ly enr iched. Y, Zr, Nb, La and Ce are higher 
and most LILE also tend to be enriched compared to undepleted 
grani tes . The la te - to post- erogenic granites show features similar 
to undepleted granites, but the pattern i s more i r regular with large 
negative Sr and Ti anomalies. 
Incompatible t race element pat tern for Bundelkhand granites 
(Figure 64) shows a re la t ive ly smooth pat tern with significant 
depletion in Y content for the oldest granite (HG) in relation to 
the other types . The pattern of hornblende granite correlates with 
Y-depleted granit ic rocks of East Antarctic shield which are Inferred 
to be syn-collision grani te . The pattern for younger var ie t ies of 
Bundelkhand granite shows significant enrichment in Y with larger 
negative Sr and Ti anomalies; other f,IF,r; a re also enriched In 
relation to oldest type . The pattern i s s imilar to undepleted 
granite of East Antarctic sh ie ld . 
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In r e l a t i o n to o l d e s t h o r n b l e n d e g r a n i t e , t h e younger v a r i e t i e s 
of g ran i t e in Bundelkhand h a v e h i g h e r Y, Nb, Ga/Al r a t i o and lower 
CaO, Sr and Mg (Atomic Mg/Mg+FeO ) valufes. These fea tu res a r e 
t y p i c a l of worldwide I - t y p e g r a n i t i c r o c k s and a r e cons i s ten t w i th 
r e l a t i v e l y d r y melt ing of c r u s t a l r o c k s (Shera ton et a l , 1985) . 
The geochemlcal s i g n a t u r e s of Bunde lkhand g r a n i t e s r evea l 
a spec t rum of t e c t o n i c se t t ing of i n t r u s i o n s . The o l d e s t hornb lende 
g r a n i t e h a s a Y - d e p l e t e d p a t t e r n w h i c h i s cons i s t en t wi th h y d r o u s 
p a r t i a l melting of a h o r n b l e n d e a n d / o r ga rne t bear ing mafic source 
(Shera ton et a l , 1985) . High geo the rmal g r a d i e n t in Archean may 
h a v e r e s u l t e d in more e x t e n s i v e melting of garne t bear ing subducted 
oceanic c r u s t and may h a v e caused an enhanced produc t ion of 
d e p l e t e d magma (Tarney S Saunde r s , 1979) . 
The younger fo l i a ted b i o t i t e g r a n i t e and p o r p h y r i t i c b i o t i t e 
g r a n i t e show an undep l e t ed p a t t e r n , s i m i l a r to Y-undep le ted g r an i t e s 
of Eas t An ta r c t i c s h i e l d . The g r a n i t e s a r e b e l i e v e d to be 
syn -o rogen ic wh ich were formed b y melt ing of f e l s i c c ru s t during 
t h e co l l i s i on of t h e l i t h o s p h e r i c p l a t e s . Pos t -Archean subduct ion 
r e l a t e d c a l c - a l k a l i n e g r a n i t e magmatism i s t y p i c a l l y undep le t ed I -
t y p e ( C o r d i l l e r a n t y p e of P i t c h e r , 1983) . 
The l a t e - t o p o s t - orogenlc melt ing event i s r e p r e s e n t e d by 
t h e youngest two l eucog ran i t e s in t h e a r e a ; t h e y show marked 
enr ichment of Y, Zr . Th , K. 8 Rb and dep l e t i on of P , Sr , Ti 8 
Ba. The l eucogran i t e s c o r r e l a t e wi th h i g h l y f rac t iona ted fe l s ic I -
t y p e g r a n i t e s , which show c h a r a c t e r i s t i c s s i m i l a r to A - t y p e . 
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A secular evolution from depleted to more potasslc undepleted 
type granitic magmatism in Bundelkhand is s imilar to many Archean 
cratonic blocks; these includes southern Indian shield (Glikson 
1982), western Australia (Glikson and Lambert, 1976, northeastern 
Minnesota (Arth and Hanson, 1975), north Atlantic craton 
(Bridgwater et a l , 1978; CoUerson and Bridgwater 1979; McGregor, 
1979). 
The geochemistry of Bundelkhand massif reveals i ts 
calc-alkal ine affinity, tlie plots on the AI'M diagram are concentrated 
in the calc-alkaline field and closely resemble the trend of Sierra 
Nevada batholi th which has been inferred to be inland continental 
margin magmatism (Rogers and Greenberg, 1981). The classification 
scheme of Wright (Figure 54 ) based on alkal ini ty ra t io v s SiO 
also reveals the calc-alkaline nature of Bundelkhand grani tes . 
P l o t s of Bundelkhand granites on Rogers and Greenberg's 
(igSDSiO^ vs Log^p (K^O/MgO) diagram (Figure 55) l ie In the fields 
of both calc-alkaline and alkaline grani tes . The plots on 
Sy lves t e r ' s discrimination diagrams (Figure 56 ) indicate that the 
three older granites correspond to calc-alkal ine and peraluminous 
type, whereas the two younger types correla te with the highly 
fractionated calc-alkaline I - type granite which is considered to b 
a var ie ty of alkaline type although they may have a dist inct origin. 
Stoeser and Elliot (1980) and Bentor (1985) suggested that alkaline 
granites make up the majority of the post-collisional suite, whereas 
e 
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t h e c a l c - a l k a l l n e g r a n i t e s dominate t h e p receed ing s y n - c o l l i s l o n a l 
subduc t ion r e l a t e d magmatism. 
The t ec tonic map of India ( p r e p a r e d b y ONGC and GSI) shows 
t h a t t he Indian p l a t e i s not a s ing le uni t but a compos i te of t h r e e 
p r o t o p l a t e s j u x t a p o s e d on e a c h o t h e r w i t h a Y- shaped Son-Narmada-
Godavar i l ineament in between them (Naqvi e t a l , 1974) . The t h r e e 
p r o t o p l a t e s te rmed a s Dha rwar , Arava l l i - Bunde lkhand , and Singh-
bhum p r o t o p l a t e s , a r e def ined b y low v a l u e s of s e i s m i c i t y and hea t 
flow, whe reas t h e l ineaments in between thorn h a v e r e l a t i v e l y h igh 
s e i s m i c i t y and hea t flow v a l u e s . These p r o t o p l a t e s came into 
e x i s t e n c e a s d i s c r e t e i s o l a t e d nucle i in t h e Gondwanaland during 
pre-Gondwana p e r i o d . These nucle i grew in s i z e due to acc re t ion 
of new s i a l i c ma t e r i a l from t h e mant le and a l so b y s u p r a c r u s t a l 
e lements (Goodwin, 1971) . 
I t i s p r o p o s e d t h a t dur ing t h e P recambr i an t ime , the 
p r o t o p l a t e s might h a v e c o l l i d e d along t h e Son-Narmada l ineament ; 
t h e emplacement of Bundelkhand g r a n i t e s i s a r e s u l t of t h i s co l l i s ion 
t e c t o n i c s . T h i s inference i s s u p p o r t e d by t h e c a l c - a l k a l i n e 
composi t ion of t h e Bunde lkhand g r a n i t e s and t h e c lo se s i m i l a r i t y 
wi th t h e S i e r r a Nevada and Ben Ghnema b a t h o l i t h s and t h e eas t 
An ta rc t i c s h i e l d g r a n i t e s which a r e b e l i e v e d to b e subduct ion 
r e l a t e d . The h i g h l y f rac t iona ted younger I - t y p e l eucogran i t e s , some 
of which p lo t in a l k a l i n e f ie ld (F igu re 55 ) may belong to 
p o s t - c o l l i s i o n a l s e t t i n g . 
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Convergent tectonics i s character ized by the presence of 
features, l ike ophiol i tes , blue schis t facies of metamorphism and 
paired metamorphlc be l t . However, these features cannot be 
extrapolated back in the precambrian since the nature of the 
Archean plates and the tectonic regime may have been quite different 
from thei r present day counterparts . 
The thermal regime in the Archean was probably different, 
the heat flow was h igher . An immediate consequence of th is was 
that major heat loss was through the large number of spreading 
centres thereby making the plates smaller and larger in number 
(Taylor and McLennan, 1985). The controversy of whetherthe plate 
tectonics prevai led in the Archean or not should be resolved by 
the Archean data themselves and not by the present data (Glikson, 
1982). The ophioli tes in and around Bundelkhand were probably 
hindered as happened elsewhere. Phinney (1985), observed that 
the ophioli tes in the Archean convergent be l t s have been hindered 
in a number of cases as a result of heavy sediment cover. 
SUMMARY AND CONCLUSION 
The Bundelkhand granite occupying the central portion of India 
has been mapped as a single undifferentiated granitic massif. 
Detailed field and laboratory investigations, however, reveal that 
i t Is a composite body comprising of several magmatic episodes. 
Five genetically different types of granite were deciphered and 
delineated in Mahoba area. 
The oldest granitic phase termed hornblende granite i s a dark 
grey coloured medium grained rock with small phenocrysts of 
fe ldspars . Enclaves of hornblende granite are found In all the 
younger grartites. The foliated biot i te granite exh ib i t s porphyr i t ic 
texture with two generations of feldspar phenocrysts , pre-tectonlc 
and syn-to post- tectonic. This i s Intruded by porphyr i t i c bioti te 
granite which is a coarse grained rock with large phenocrysts of 
fe ldspar . The coarse grained leucogranite has intruded into the 
porphyr i t ic biot i te granite; xenoll ths of foliated biotite granite in 
coarse grained leucograni te Indicate a younger age of the la t te r . 
This granite has been intruded by a fine grained rock which has 
been termed fine grained leucogranite. The fine grained leucogranite 
Is the youngest granitic rock in the area. It i s intrusive into all 
the older types of granite. 
The five types of granite have an overal l similar mineralogy 
with differences in re la t ive proportions of individual mineral phases . 
- I l l -
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The three older granites are character ised by the abundance of 
ferromagneslan minerals including b io t i t e , hornblende, 
plagioclase and low K-feldspar content, whereas the younger 
leucogranites have lower content of ferromagnesian constituents and 
plagioclase with an increase in K-feldspars and quartz . Hornblende 
i s conspicuously lacking in the two younger leucogranites. 
The plots of hornblende granite and foliated biot i te granite 
a re concentrated in the granodiorite and granite fields of 
S t reckeisen ' s (1976) modal quartz, K-feldspar and plagioclase 
diagram ; the porphyr i t i c biot i te granite, coarse grained leucogranite 
and the fine grained leucogranite occupy the granite f ield. Plots 
of all the five types of granite were concentrated mainly in the 
central par t of the Orthoclase-Albite-Quartz phase diagram. The 
plots of the two older granites are res t r ic ted towards the plagioclase 
field, whereas the three younger granites plot towards K-feldspar 
field which reflects an enrichment of potassium in progressively 
younger grani tes . The plots of a l l the five types are res t r ic ted in 
and around the area of low temperature trough suggesting that the 
granites maintained equilibrium throughout cooling. 
Various types of pe r th i t e a re present in a l l the types of 
granite; sometimes veins of a lb i te from plagioclase extend into K-
feldspar suggesting the exsolution origin of the pe r th i t e . Myrmekitic 
intergrowth is fairly common in al l the granites except the hornblende 
granite and porphyr i t i c blot i t te granite where it i s r a r e . Evolution 
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of the granitic l iquid through fractional crystal l izat ion i s indicated 
by the presence of zoned euhedral c rys ta l s of zircon in the rock. 
Plagioclase in al l the five types of granite i s generally sodic 
in nature; however, the plagioclase in oldest hornblende granite i s 
r e l a t iv i ty more ca lc ic . The plagioclase c rys ta l s in the granites 
exhib i t normal zoning with calcic core, intensely al tered to sereci te 
surrounded by sodic she l l . Abundance of Calrsbad twinning in 
plagioclase in al l the types of Bundelkhand granite suggests a 
magmatic origin of the granites . 
Trace element concentration and the i r rat ios in different types 
of Bundelkhand granite on Marker ' s diagram show a good posit ive 
l inear correlation with U, TH and Rb and strong negative correlation 
with Sr, Ba and V. Rb/Sr and K/Ba show strong posi t ive correlation, 
whereas K/Rb and Ra/Rb show negative correlat ion. K/Rb vs Rb/Sr 
plots for the Bundelkhand granite follow the trend of fractional 
crysta l l izat ion. A progress ive increase in Rb/Sr in the younger 
granites i s evident in Rb v s Sr p lo t s . The trends resemble those 
of a granit ic melt produced by fractional crystal l izat ion of a common 
parental co-magmatic source. 
The plots of Bundelkhand granites on various major and trace 
element discriminant diagrams (Figure 45) He in the orogenic ( I -
8 S- type , granite field and also in the field of fractionated I- type 
granite . The plots define a negative l inear correlation between CaO 
-1.14-
and SiO on Marker 's diagram (Figure 33). This type of linear array 
i s charac ter i s t ic of I - type grani tes . A significant geochemlcal 
charac te r i s t ic of the Bundelkhand granite i s i t s peraluminous 
composition. 
The compositional range and nature of Bundelkhand granite 
determined from Debon and Le Fort (1983, 1988) nomenclature scheme 
indicates that the granites vary in composition from granodlorite to 
granite and correspond to cafemic and alumino-cafemic association 
of magmatic rocks and calc-alkal lne to sub-alkaline in nature. The 
chemical composition of Bundelkhand granite plotted on AFM diagram 
and Wright 's a lkal ini ty rat io vs SiO diagram reveals a calc-alkaline 
nature of the grani tes . The plots on Rogers and Greenberg 's (1981) 
diagram (Figure 55) l ie in the field of both calc-alkal ine and alkaline 
composition. Similar trend emerges from Sy lves t e r ' s (1989) diagram 
where older three types plot in calc-alkaline and strongly 
peraluminous f ields, whereas the younger two leucogranites l ie in 
the highly fractionated calc-alkaline field. 
The Bundelkhand granites closely resemble with Sierra Nevada 
batholi th on AFM diagram and on Rogers and Greenberg's (1981) 
diagram, i t correla tes with Iho Sierra Nevada and Ucn Ghnerna 
ba thol i ths . on the basis of close s imilar i ty with Sierra Nevada 
bathollth Which has boon consldorod to ho nn,c-nlkalino inland 
continental . a rg in magmatism, it i s concluded that Bundelkhand granite 
represents a subductlon related magmatism. 
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The Bunde lkhand g r a n i t e s when p l o t t e d s e q u e n t i a l l y on Maniar 
and P icco l i (1989) tec tonic d i s c r i m i n a t i o n d iagram r e v e a l a cont inental 
co l l i s i on t ec ton ic s e t t i ng for t h e s e r o c k s . The i n c o m p a t i b l e t r a c e 
e lement p a t t e r n s of Bundelkhand g ran i t e r e v e a l a spec l rum of tec tonic 
s e t t i ng of i n t r u s i o n . The o l d e s t h o r n b l e n d e g r a n i t e h a s a Y - d e p l e t e d 
i n c o m p a t i b l e t r a c e element p a t t e r n cons i s t en t wi th t h a t of the 
Y - d e p l e t e d g r a n i t i c r o c k s of East Antarctic s h i e l d which I s in fe r red 
to be subduc t lon r e l a t e d g r a n i t e . The p a t t e r n of t h e younger 
v a r i e t i e s show s ign i f ican t enr ichment in Y content and c o r r e l a t e s wi th 
t h e t r end of u n d e p l e t e d g r a n i t e s of East An ta r c t i c s h i e l d . The Y-
u n d e p l e t e d g r a n i t e s of Eas t An ta rc t i c s h i e l d h a v e been concluded to 
b e syn -o rogen ic formed b y p a r t i a l melt ing of f e l s i c c r u s t dur ing the 
co l l i s i cn of l i t h o s p h e r i c p l a t e s . 
T h i s c o r r o b o r a t e s t h e inference ba sed on t h e p lo t s of 
Bundelkhand g r a n i t e s on Rogers and G r e e n b e r g ' s (1981) Sio vs 
Log (K 0/MgO) d iagram which r evea l s i t s c a l c - a l k a l i n e as well as 
a l k a l i n e n a t u r e . The p l o t s on S y l v e s t e r ' s d iagram (F igure 56) 
i n d i c a t e t h a t t h e t h r e e o l d e r g r a n i t e s c o r r e s p o n d to c a l c - a l k a l i n e 
t y p e , w h e r e a s t h e two younger l eucogran i t e s c o r r e l a t e wi th t h e h i g h l y 
f rac t iona ted c a l c - a l k a l i n e I - t y p e g r a n i t e c o n s i d e r e d to b e a v a r i e t y 
of a l k a l i n e g r a n i t e . 
The Indian p l a t e I s a compos i te one with a . l e a s , t h r e e 
P r o t o p l a t e s coalesced with a Y-shanpH c^ K, 
Y shaped Son-Narmada-Godavar l l ineament 
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In between them (Naqvi e t a l , 1974) . These p r o t o p l a t e s came into 
e x i s t e n c e as d i s c r e t e I so l a t ed nuc le i dur ing pre-Gondwana p e r i o d in 
t h e Gondwanaland. La te r , t h e y grew In s i z e duo to a c c r e t i o n . It 
i s p r o p o s e d t h a t t h e s e p r o t o p l a t e s might h a v e c o l l i d e d along t h e 
Son-Narmada l ineament and t h e emplacement of Rundelkhand g r an i t e 
i s a r e s u l t of t h i s co l l i s ion t e c t o n i c s . T h i s i s s u p p o r t e d by t h e 
I - t y p e c a l c - a l k a l i n e n a t u r e and c lo se s i m i l a r i t y of Bundelkhand with 
S i e r r a Nevada and E a s t - A n t a r c t i c s h i e l d g r a n i t e s , both b e l i e v e d to 
be subduct ion r e l a t e d . It i s concluded t h a t t h e t h r e e o l d e r t y p e s 
of Bundelkhand g r a n i t e belong to co l l i s i ona l s e t t i n g , w h e r e a s t h e two 
younger l eucopran i t e s which p lo t In thn n lknl inn Hold ( Flguro 55) 
may r e p r e s e n t p o s t - c o U i s i o n a l magmatism. 
- 1 1 7 -
LIST OF REFERENCES 
Abbo t t , R . N . , and C l a r k e , D . B . , 1979, Hypo the t i c a l l l q u i d u s 
r e l a t i o n s h i p s in t h e subsys t em Al 0 -FeO-MgO p ro j ec t ed 
from q u a r t z , a l k a l i f e l d s p a r and pfag' ioclase for H20=l: 
Cand. M i n e r . , V. 17, p p . 549-560. 
Abbo t t , R . N . , J R . , 1981, AFM l i q u l d u s p ro j ec t i ons for g r an i t i c 
magmas, w i th s p e c i a l r e f e r e n c e to h o r n b l e n d e , b i o t i t e , 
and garne t : Cand. Mine r . , V. 19, p p . 103-110. 
Adamson, O . J . , 1942, Minera l s of t h e V a r u t r a s k pegma t i t e . XXXI. 
The f e l d s p a r group : Geol . Fo ren . F o r h . (S tockholm) , 
V. 64, p p . 19-54 . 
Alam, S . , 1979, Pe t ro logy of t h e g r a n i t i c r o c k s in Mahoba, D i s t r i c t 
Hamir Fur ( U . F . ) : M . P h i l . D i s s e r . , 62 p p . Al igarh 
Muslim U n i v e r s i t y . 
Anderson, A . T . , J r . , 1966, Mineralogy of t h e L a b r i e v i l l e 
a n o r t h o s i t e , Quebec : Amer. M i n e r . , V. 51 , p p . 1671-1711. 
A r t h , J . G . and Hanson, G .N. , 1975, Geochemis t ry and o r ig in of the 
e a r l y P recambr i an c rus t of n o r t h e a s t e r n Minnesota : 
Geochim. et Cosmochlm. Acta, V. 39, p p . 325-362. 
B a i l e y , E .H. and S t evens , R . E . , 1960, Se lec ted s ta ining of 
K - f e l d s p a r and p l a g i o c l a s e on rock s l a b s and t h i n sec t ions 
: Amer. Miner . , V. 45, p p . 1020-1025. 
B a r r , S .M. , Macdonald, A .S . and R lenk insop , J . , 1986, The 
Chet icamp pluton : a Cambrian g r a n o d i o r i t i c in t rus ion in 
t h e wes t e rn Cape Breton H igh l ands , Nova Scot ia : Cand. 
J o u r . E a r t h S c i . , V. 23, p p . 1686-1699. 
B a r t h , T . F . W . , 1962, The f e l d s p a r geologic t he rmome te r s : Norsk . 
Geol . T i d s s k r . , V. 42, p p . 330-339. 
, 1969, F e l d s p a r s '. John Wiley and Sons, bSew York , 
261 p p 
Basu, A .K . , 1986, Geology of p a r t s of t h e Bundelkhand g r a n i t e 
p p ' 6 I - I 2 T * ' ' ' ' " ' ' ' ' '• ''^"' ^ ^ ' ' ' - ^"^^- ^"^^^' V 117. 
Bateman, P . C , C l a r k , L . D . , Huber . N.K Moore T r 
R ineha r t , C D IQfiq Tho c- ;',' "^'"O^e, J . G . and 
Geol . s u r v . Prof. P a p e r 414-D 46 p p ""'''• " • = • 
•118-
B e c k i n s a l e , R . D . , 1979, Gran i te magmatism in t h e t in b e l t of 
s o u t h e a s t As ia . In : M . P . Athor ton , J . Ta rney (F .d i to r s ) , 
Origin of Gran i t e B a t h o l i t h s Geochemical E v i d e n c e . 148 
p p . Sh iva Pub . Co. London. 
Bentor , Y .K. , 1985, The c r u s t a l evolut ion of t h e Arabo-Nubian Massif 
w i th s p e c i a l r e f e r ence to t h e Sinai Peninsula : P r e c a m b . 
R e s . , V. 28, p p . 1-74. 
B r i d g w a t e r , D . , Co l le r son , K.U. and Myer s , J . S . , 1978, The 
deve lopment of t h e Archean gne i s s complex of t h e North 
At lan t ic r eg ion . In : D. Tar l ing ( E d i t o r s ) , Evolution of 
t h e e a r t h ' s c r u s t . Academic P r e s s , London, p p . 19-69. 
Bu t l e r , J . R . , Bowden, P . and Smi th , A . Z . , 1962, K/Rb r a t i o s in 
t h e evolu t ion of t h e younger g r a n i t e s of n o r t h e r n Niger ia : 
Geochim. et Cosmochim. Acta, V. 26, p p . 89-100. 
C a w t h o m , R.G. and Brown, P . A . , 197B, A model for the formation 
and c r y s t a l l i z a t i o n of corundum-normat ive c a l c - a l k a l i n e 
magmas th rough a m p h i b o l e f rac t ionat ion : J o u r . Geo l . , V. 
84, p p . 467-47G. 
, St rong, D . F . and Brown, P . A . , 1976, Origin of 
corundum-normat ive I n t r u s i v e and n x t m s l v o magmas : Nature, 
V. 259, p p . 102-104. 
C h a p p e l l , B.W. and White, A . J . R . , 1974, Two con t ras t ing g r an i t e 
t y p e s : P a c i . Geo l . , V. 8, p p . 173-174. 
, 1984, Source r o c k s of I - and S - t y p e g ran i t e s 
in the Lachlan Fold Be l t , s o u t h e a s t e r n Aus t r a l i a : P h i l o s . 
T r a n s . Roy. Soc. London, Se r i e s A, V. 310, p p . 709-742. 
Cha roy , B . , 1986, The genes i s of the Cornubian Ba tho l i t b - ( sou thwes t 
England) : t h e e x a m p l e of t h e Carnmenel l i s p iu ton . Jou r . 
P e t r . , V. 27, p p . 571-604. 
C h a t t e r j i , G . C . , Ray, D.K. and Baner jee , P . K . , 1971, S t r a t i g r a p h i c 
s u b - d i v i s i o n and nomencla ture of t h e P recambr ian rock 
of India : Rec. Geol, Surv . Ind ia , V. 101 , p p . 1-14. 
C h a y e s , F . , 1956, P e t r o g r a p h i c modal a n a l y s e s : 113 p p . Wiley, 
New York . 
Clemens, J . D . and Wall , V . J . , 1988, Cont ro ls on t h e mineralogy 
of S - t ype vo lcan ic and p lu ton ic r o c k s : L i t h o s , V. 2 1 , 
p p . 53-66. 
-1.19-
Col le r son , K.D. and B r i d g w a t e r , D . , 1979, Metamorphic development 
of e a r l y Archean t o n a l i t i c and t r o n d h j e m i t i c gne i s ses : 
Saglek a rea , L a b r a d o r . In : F . B a r k e r ( E d i t o r s ) , 
T r o n d h j e m i t e s , Daci tes and Related Rocks. E l s e v i e r , 
Amsterdam, p p . 205-273. 
Co l l in s , W . J . , Beams, S . D . , White, A . J . R . and C h a p p e l l , B.W., 
1982, Nature and o r ig in of A - t y p e g r a n i t e s wi th p a r t i c u l a r 
rnfnrnnno tn snu thnns tnm Austrnl in : Cnnt r . Miner . P n t r . , 
V. 00, p p . 189-200. 
Crawford , A . R . , 1970, P r ecambr l an geochronology of Rajasthan and 
Bunde lkhand , n o r t h e r n Ind ia : Cand. J o u r . E a r t h S c i . , 
V. 7, p p . 91-110. 
Czamanske, O.K. , I s h i l i 9 r a , S. and Atk in , S .A . , 1981, Chemis t ry 
of rock forming minera l s of t h e Cre taceous-Pa leocene 
b a t h o l i t h in sou thwes te rn Japan and i m p l i c a l i o n s ' for magma 
genes i s : Jour , Geophy . R e s . , V. 86, p p . 10431-10469. 
Das, G . R . N . , B h a t t a c h a r y a , A .K. , Da t t anarayana , T.A. and Kaul, 
R . , 1982, Rad ioac t ive minera l occur rences in the 
n o r t h w e s t e r n p a r t of Bundelkhand massi f in c e n t r a l I nd i a . 
In : K .S . V a l d i y a , S .B . Bha t i a and V.K. Gaur ( E d i t o r s ) , 
Geology of V i n d h y a c h a l , p p . 30-46 . Hindustan P u b . Co . , 
New D e l h i . 
DetxDn, F . and Le F o r t , P . , 1983, A chemica l - minera logica l 
c l a s s i f i c a t i o n of common p lu ton ic r o c k s and as soc ia t ions 
: r r a n . Roy. Soc. Edin : E a r t h S c , V. 73 , p p . 135-
149. 
, Le F o r t , P . , Dautel , D, Sonet, J . and Zimmermann, 
J . L . , 1987, Gran i t es of wes te rn Karakorum and n o r t h e r n 
Kohis tan ( P a k i s t a n ) : A compos i t e Mid-Cre taceous to u p p e r 
Cenozoic magmatism, L i t h o s , V. 20, p p . 19-40. 
, and LB F o r i , P . , 1!)fin, A ca l lon lc c lnss l 1 Icallon of 
common p lu ton ic r o c k s and t h e i r magmatic a s soc ia t ions : 
p r i n c i p l e s , me thod , a p p l i c a t i o n s . B u l l . Minera l . I I I . p p . 
493-510. 
Defant, M . J . , Drummond, M . S . , A r t h u r , J . D . and Ragland, P . C . , 
1988, An example of t r o n d h j e m i t e p e t r o g e n e s l s : the 
B lackes F e r r y p lu ton , Alabama, U . S . A . , L i t h o s , V. 2 1 , 
p p . 161-181 . 
Drake , M . J ^ ^ a n d |V^eill, D . F . , 1975, P a r t i t i o n of Sr , Ba, Ca, Y, 
Eu , Eu , and o t h e r REE between p l a g i o c l a s e f e l d s p a r 
and magmatic Liquid : an e x p e r i m e n t a l s t u d y , Geochim. 
e t Cosmochim. Acta, V. 39, p p . 689-712. 
-120-
Drescher - Kaden, F.K. , 1948, Die Feldspat-Quartz - Reaktlonsgefuge 
der Granite und Gneise. 259 pp . Berlin-GoltHngen 
Heidelberg : Springer. 
Eby, G.N., 1987, The Montereglan Hills and White Mountain alkaline 
igneous provinces, eastern North America. In : J .G. Fitton 
and B.G.J . Upton (Edi tors ) , Alkaline Igneous Rocks, Geol. 
Soc. Spec. Publ . , No. 30, pp . 433-448. 
,and Kochhar, N., 1990, Geochemistry and petrogenesis 
of the Malani Igneous Suite, north peninsular India : Jour. 
Geol. Soc, India, V. 36, p p . 109-130. 
El-Bouseilly, A.M. and El-Sokkary, A.A. 1975, The relation Rb, 
Ba and Sr in granit ic rocks : Chem, Geol. , V. 16, p p . 
207-219. 
Emmons, R .C. , 1943, The universal stage : Geol. Soc. America, 
Mem. 8, 204 p p . 
Erlank, A . J . , 1968, The t e r r e s t r i a l abundance relat ionship between 
potassium and rubidium. In : L.H. Ahrens (Edi tor ) , Origin 
and Distribution of the Elements. 1178 p p . Pergamon Press . 
Fermor, L .L . , 1909, Manganese ore deposi ts of India : Mem. Geol, 
Surv, India, V, 37, pp . 58-62. 
Gast, P.W,, 1968, Trace element fractionation and the origins of 
thole l l t lc and alkaline magma types : Geochem. et 
Cosmochim. Acta, V. 32, p p . 1057-1086. 
Glikson, A.Y. and Lambert, I . B . , 1976, Vertical zonation and 
petrogenesis of the ear ly Precambrian crust in western 
Australia : Tectonophysics, V. 30, p p . 55-89. 
, 1982, The ear ly Precambrian crust with reference 
to the Indian Shield : An essay : Jour. Geol, Soc. India, 
V. 23, p p . 581-603, 
Goodwin, A.M., 1971, Metallogenic pat terns and evolution of the 
Canadian Shield : Geol. Soc. Australia, Spec, Pub l . , V, 
3 , p p . 157-174. 
Gorai, M., 1951, Petrological s tudies of plagioclase twins : Amer 
Miner . ,V, 36, pp . 384-901. 
Halllday, A.N., Stephens, W.R. and fFnrmnn, R.R., 1981, Isotope 
and chemical constraints on the dovolopmnnt of peralumlnous 
Caledonian and Acadian granites : Cand Miner V iq 
p p . 205-216. •' ' 
•121-
Hanson, G. , 1978, The a p p l i c a t i o n of t r a c e e lements to t h e p e t r o g e -
n e s l s of Igneous r o c k s of g r a n i t i c composi t ion : Ea r th 
P l ane t . S c i . , L e t t . , V. 38, p p . 26 -43 . 
H a r k e r , A, 1909, The n a t u r a l h i s t o r y of igneous r o c k s : p p . New 
York . 
Harmon, R . S . , H a l l l d a y , A . N . , C layburn , J . A . P . and S t e p h e n s , W.E . , 
1984, Chemical and i s o t o p i c s y s t e m a t i c s of t h e Caledonian 
i n t r u s i o n s of Scot land and Nor thern England : a guide to 
magma source region and magma-crus t i n t e r a c t i o n : P h i l o s . 
T r a n s . Roy. Soc. London, S e r i e s , A, V. 310, p p . 709-742. 
Haskin , L . A . , Al len, R . O . , Halmke, P . A . , P a s t e r , T . P . , Anderson, 
M.R . , Koro tev , R . L . and Zweifel , K .A . , 1970, Rare e a r t h s 
and o t h e r t r a c e e lements in Apollo II lunar samples : P r o c . 
Apnllo II Lunar Sc i . Conf. , Geochlm. e t Cosmochim. Acta, 
S u p p l . 1, V. 2, p p . 1213-1231. Pergamon P r e s s . 
He ie r , K .S . and T a y l o r , S .R . , 1959, The d i s t r i b u t i o n of L i , Na, 
K, Rb, Cs , Pb and Tl in sou the rn Norwegian Precambr ian 
a l k a l i - f e l d s p a r s : Geochim. e t Cosmochim. Acta, V. 15 
p p . 284-304. 
Helz , R . T . , 1976, Phase r e l a t i o n s of b a s a l t s in t h e i r melting ranges 
a t PH O = 5 Kbar . P a r t I I . Mett compos i t i ons : Jou r . P e t r . , 
V. 17,"^ p p . 139-193. 
Herms , O .D. , firornot, L . P . and Znrtmnn, R. l^ . , 1981, Zircon 
geochronology and p e t r o l o g y of p lu ton ic r o c k s in Rhode 
I s l a n d . In : J . C . Boothroyd ( E d i t o r ) , Guidebook to geologic 
f ie ld s t u d i e s in Rhode I s l and and ad jacen t a r e a s , Annual 
Meeting New England I n t e r c o l l e g i a t e Geological Conference, 
p p . 315-338. 
Heron, A .M. , 1935, P re -Vindhyan geology of Rajas than : Cur r . Sc i . 
V. 83, p p . 10-12 . 
n i n e , R . , Wil l iams, I . S . C h a p p e l l , B.W. and White , J . R . , 1978, 
Cont ras t between I - and S - t y p e g r a n i t o i d s of t h e Kosciusko 
b a t h o l i t h : Jou r . Geol. Soc. A u s t r a l i a , V. 25 , pn 219-
234. 
Hubbard , F . H . , 1966, Myrmeki te in c h a r n o k i t e from sou thwes t Nigeria 
: Arnnr. Minor . , V. HI, pf). 7fi/;-77:i, 
^, 1967, Exsolut ion myrmek i t e : geologiska 
Foreningnes i Stockholm F o r h a n d l i n g a r , V. 89, p p . 410-422. 
•122-
H u b b a r d , N . J . , Cas t , P . W . , Meyer , C , Nyqu i s t , L . R . , S h i h , C. 
and Weismann, H . , 1971, Chemical composi t ion of lunar 
a n o r t h o s i t e s and t h e i r p a r e n t l i q u i d s : E a r t h P l ane t . Sc i . 
L e t t . , V. 13 , p p . 71-75 . 
I m e o k p a r i a , E . G . , 1984, Geochemis t ry of t h e g r a n i t i c r o c k s from 
t h e Kwandonkaya Complex no r th Niger ia : L i t h o s , V. 17, 
p p . 103-115. 
I s c h i h a r a , S . , 1977, The m a g n e t i t e - s e r i e s and i l m e n i t e - s e r i e s g r an i t i c 
r o c k s : Ming. Geo l . , V. 27, p p . 293-305. 
J ackson , N . J . , Walsh, J . N . and Pegran, E., 1984, Geology, 
geochemis t ry and p e t r o g e n e s i s of t h e l a t e P recambr ian 
g r a n i t o i d s in t h e c e n t r a l Hijaz region of t h e Arabian 
s h i e l d : Contr . Miner . P e t r o . , V. 87, p p . 205-219. 
J a m e s , R . S . and Hamilton, D . L . , inf)9, Phasn r e l a t i o n s in the sys tem 
NaAlSi 0 -KAlSi 0 - CaAl Sl^Og" SlO at 1 Ki lobar water 
vapou r p r e s s u r e : Contr . Tviifter. P e t r o . , V. 2 1 , p p . 1 1 1 -
1 4 1 . 
J h i n g r a n , A . G . , 1958, The p r o b l e m s of Bundelkhand g r a n i t e s and 
gne i s s e s : P r e s i d e n t i a l A d d r e s s , Sect ion Geol. Geog. , 45 th . 
I nd . Scl . Congr. , Mndrns . 
Kleemann, G . J . and Twis t , D . , 1989, The compos i t iona l ly -zoned s h e e t -
l i k e g r a n i t e p lu ton of t h e Bushve ld Complex : ev idence 
bear ing on t h e na tu re of A - t y p e magmatism : J o u r . P e t r o . , 
V. 30, p p . 1383-1414. 
Kuno, H . , 1956, H i g h - t e m p e r a t u r e o p t i c s of na tu ra l s o d i c p l ag ioc l a se 
: Minera l . J . ( T o k y o ) . 
Lo i se l l e , M.C. and Wones, D . R . , 1979, C h a r a c t e r i s t i c s and or ig in 
of anorogenic g r a n i t e s : Geol. Soc. Amer. A h s t r . with 
p r o g s . , V. 1 1 , p p . 468. 
Macrae , N.D. and N e s b i t t , H.W. , 1980, P a r t i a l melt ing of common 
s e d i m e n t a r y r o c k s : a mass ba lance a p p r o a c h : Contr . 
Minor. P o t r o . , V. 75, p p . 21-2(1. 
Mallet , F . R . , 1869, Vindhyan r o c k s in Bundelkhand : Mem. Geol 
S u r v . Ind ia , V. 7. 
Maniar, P . D . and P l c c o l i , P . M . , 1989, Tectonic d i s c r imina t i on of 
g r a m t o i d s : Geol. Soc. Amer. B u l l . , V. 101, p p . 635-64S. 
•123-
Mart in , H . , 1987, Pe t rogenes i s of Archean t r o n d h j e m i t e s , t ona l i t e s , 
and g r a n o d i o r i t e s from e a s t e r n F in land : major and t r a c e 
element g e o c h e m i s t r y , Jou r . P e t r o . , V. 28, p p . 921-953. 
Mason, . B. and Moore, C . B . , 1985, P r i n c i p l e s of Geochemis t ry (4 th 
E d i . ) : 350 p p . Wiley Eas te rn L imi t ed . 
Mathur , P . C . , 1954, A note on g r a n i t i z a t i o n of q u a r t z i t e s in 
Bundelkhand : Sc i . C u l t . , V. 2 0 ( 5 ) , p p . 242-243. 
McCar thy , T . S . and H a s t y , R . A . , 1976, T r a c e element d i s t r i b u t i o n 
p a t t e r n s and t h e i r r e l a t i o n s h i p to t h e c r y s t a l l i z a t i o n of 
g r a n i t i c mel t s : Geochlm. e t Cosmochim. Acta, V. 40, 
p p . 1351-1358. 
, and F r i p p , R . E . P . , 1978, The c r y s t a l l i z i a t i o n 
h i s t o r y of a g r a n i t i c magma, as r e v e a l e d b y t r a c e element 
abundances : Jou r . Geo l . , V. 88, p p . 211-224. 
, and Groves , D . I , , 1979, The Blue Tie b a t h o l i t h , 
~ n o r t h e a s t e r n Tasmania . A c u m u l a t e - l i k e p r o d u c t of fract ional 
c r y s t a l l i z a t i o n : Contr . Mine. P e t r . , V. 7 1 , p n . 193-209. 
McGregor, V . R . , 1979, Archaean g r e y gne i s s and t h e o r ig in of t h e 
cont inenta l c rus t : ev idence from t h e Godthab reg ion . West 
Green land . In : F . Ba rke r ( E d i t o r s ) , Trondhjemi te , 
Dac i t e s , and Rela ted Rocks . E l s e v i e r , Amsterdam, p p . 169-
204. 
Michot , P . , 1961, S t r u k t u r d e r m e s o p e r t h i t e : Neu. J a h r . Miner. 
A b l e . , V. 96, p o . 213-216. 
Middlemost , R .A .K. , 1985, Magmas and magmatic r o c k s : 266 p p . 
Longman Group L i m i t e d . 
Mi l l a r , C . F . , 1985, Are s t r o n g l y pera luminous magmas 
d e r i v e d from p o l i t i c s e d i m e n t a r y sources? Jour Geol 
V. 93, p p . 673-689. 
Misra , R . C . , 1945, Geology of Mahoba a rea : P r o c . Ind Sci Toner 
A s s o c , 32nd Sess ion . • ^ H • 
_ ^ , 1948, H y b r i d gne i s s e s in Bundelkhand g r a n i t e s of 
Mahoba, Hamirpur n i s t t . U . P . : P m r Tnd ' ^ r i r l n 
A s s o c . 35th Sess ion , 144 p p . ^""^' ^""^^-
.' snd Sharma, R .p iqv/i or^t.^^ v, • . 
Bundelkhand g r a n i t e s and a s s o c i a e d r o c k s ' f ' n J ' ' ^ r . ° ' 
: Ind . Miner . , v . 15, p p . 43-50 cen t r a l India 
•124-
Mis ra , R .C . and Sharma, R . F . , 1975, New da t a on t h e geology of 
t h e Bundelkhand Complex of c e n t r a l Ind ia : Rec, Rese r . 
Geo l . , V. 2, p p . 311-346. Hindustan P u b . C o . , New D e l h i . 
M i t t l e f e h l d t , D.W. and M i l l e r , C . F . , 19R3, Geochemis t ry of t h e 
Swee twate r Wash p lu ton , Cal i fornia : Impl ica t ions for 
"anomalous" t r a c e e lement b e h a v i o u r dur ing d i f f e ren t i a t ion 
of f e l s i c magmas: Geochim. e t Cosmochim. Acta, V. 47, 
p p . 109-124. 
Naney, M . T . , 1983, P h a s e e q u i l i b r i a of rock forming ferromagnesian 
s i l i c a t e s in g r a n i t i c s y s t e m s : Amer. J o u r . S c i . , V. 283, 
p p . 993-1033. 
Naqv i , S .M. , Rao, D. and Nara in , H . , 1974, The pro tocont inen ta l 
g rowth of t h e Indian s h i e l d and t h e a n t i q u i t y of i t s r i f t 
v a l l e y s : P r ecamb . Res . V. 1, p p . 345-398. 
, and Rogers , J . J . W . , 1987, P r e c a m b r i a n Geology of 
I n d i a : Oxford Mono. Geol . Geophy . 6, 223 p p . Oxford 
Univ. P r e s s . 
Noyes, H . J . , F r e y , F . A . and 
p lu tons : geochemical 
d i f f e r en t i a t i on of t h e 
c e n t r a l S i e r r a Nevada, 
p p . 487-509. 
Wones, D . R . , 1983, A t a l e of two 
e v i d e n c e bea r ing on t h e o r ig in and 
Red l a k e and Fagle Peak plulun, 
Cal i forn ia : J o u r . G e o l . , V. 91 , 
, Wones, D.R. and F r e y , F . A . , 1983, A t a l e of two 
p lu tons : p e t r o g r a p h i c and minera log ic c o n s t r a i n t s on t h e 
p e t r o g e n e s i s of t h e Red l a k e and Eagle peak p lu tons , 
c en t r a l S i e r r a Nevada, Cal i forn ia , J o u r . Geo l . , V. 9 1 , p p . 
353-379. 
Onion, R.K. and P a n k h u r s t , , R . J . , 1978, E a r l y Archean r o c k s and 
geochemical evolu t ion of t h e e a r t h ' s c r u s t : E a r t h Planet 
Sc i . L e t t . , V. 38, p p . 211-236. 
Pascoe , E . H . , 1950, A manual of t h e geology of 
V. 1, Geol. Surv . Ind ia , Ca lcu t t a . India and Burma: 
P e a r c e , J A . , H a r r i s , N.B.W. and T lnd l e , A . G . , 1984, Trace element 
d i s c r i m i n a t i o n d i a g r a m s for t h e t ec ton ic ^ 
g r a n i t i c r o c k s : Jou r . P e t r . , v . 25, p p . 
i n t e r p r e t a t i o n 
956-983. 
of 
-125-
Pi tcher , W.S., 1982, Granite types and tectonic environment. I n : 
K.J . Hsu (Edi to r ) , Mountain Building Processes, Ch. 1-
3, pp . 19-40. Academic Press , London. 
, 1983, Granite : typology, geological environment 
and melting re la t ionships . In : M.P. Atherton and C D . 
Gribble (Edi tors ) , Migmatites, Melting and Metamorphism. 
Shiva, Nantwich, p p . 277-285. 
Phlnney, R.A., 1985, 
Appalachians 
A Seismic cross-section of the New England 
the origin exposed : AGU Spec, Mon. 
Raju, R.D. , Varma, 
1983, I-
granitoids 
to mineral 
(Ed i to r s ) , 
H.M., Padmanabhan, N. and Mahadevan, T.M., 
and S-type classification of the Precambrian 
of southern India and i t s possible relevance 
exploration. In : S.M. Naqvi and J . J .W. Rogers 
Precambrian of South India. Geol. Soc. India, 
Mem. 4, pp . 389-400. 
Roday, P . P . and Bhatt, A.K., 1980, Tectonic h i s to ry of the Bijawar 
rocks at the Barmhanghat Section of the Narmada Valley 
: Jour. Geol. Soc. India, V. 21, p p . 546-57. 
Rogers, J . J .W. , Hodges, K.V. and Ghuma, M.A., 1980, Trace 
elements in continental margin magmatism : part I I . Trace 
elements in Ben Ghnema batholi th and nature of the 
Precambrian crust in central North Africa : Geol. Soc. 
Amer. Bull . ,Vol. 91 Part II, p p . 1742-1788. 
and Greenberg, J.K. 
continental-margin magmatism 
and the i r relat ionship to cratonization 
Bul l . , V. 92, pp . 57-93. 
1981, Trace elements in 
Part I I I . Alkali granites 
Geol. Soc. Amer. 
Santosh, M. and Drury, S.A., 1988, Alkali granites with Pan-African 
affinities from Kerala, S. India : Jour. Geol., V. 96, pp . 
616-626. 
Sarkar, S.N., Polkanov, A.A., Gerling, E.K. and Churkov, F.V. , 
1964, Precambrian geochronology of Peninsular India • Proc ' 
22nd Int. Geol. Congr., pp . 158-159. 
-TTT—t'ho a ' V . ^""^ ^*"®' ' ' ^ • ^ • ' 1969, Geochronology 
of the Precambrian rocks of Singhbhum and adjacent 
regions. Eastern India : Geol. Mag., v . 106, p p . 15-45 
-12(i-
Sarma, S.R. and Raja, N . , 1958 Some o b s e r v a t i o n s on t h e myrmeki t e 
s t r u c t u r e s in Hyde rabad g r a n i t e s : Qua r t . J . Ueol . Mining 
Meta l l . Soc. Ind ia , V. 30, p p . 215-220. 
and Raja, N . , 1959, On myrmek i t e : Qua r t . J . Geol. 
Mining Meta l l . Soc. Ind ia , V. 3 1 , p p . 127. 
S a s t r y , V . V . , B h a n d a r i , L . L . , Raju, T .R . and Dat ta , A .K . , 1971, 
Tectonic framework and subsu r face s t r a t i g r a p l i y of t h e Gangs 
ba s in : Jou r . Geol. Soc. Ind ia , V. 12, p p . 223-233. 
Saxena, M.N. , 1953, Agmati tes in Bundelkhand g r a n i t e s : Cu r r . S c i . , 
V. 22, p p . 376. 
, 1956, T rends of v a r i a t i o n in t h e h e a v y mineral 
p e r c e n t a g e s dur ing the cour se of g r an i t i z a t i on of t h e country 
r o c k s of the t y p e area : Sc i . C u l t . , V. 22, p p . 544. 
,1961 , Bundelkhand g r a n i t e s and a s s o c i a t e d r o c k s from 
Kabra i and Mau Ranipur a r e a s of Hamirpur and J h a n s i D i s t t . 
U . P . , Ind ia : Res . Bul l . P u n j . U n i v . , V. 12 ( I , I I ) , p p . 
85-107. 
Se i f e r t , K . E . , 1964, The genes i s of p l a g i o c l a s e twinning in t h e 
Nonewag g r an i t e : Amer. Mine r . , V. 49, p p . 297-320. 
S h a p i r o , L. and Brannock, W.W., 1962, U.S . Geol . Su rv . Bul le t in , 
1144-A. 
Sharma, R . P . , 1982, L i t h o s t r a t i g r a p h y s t r u c t u r e and pe t ro logy of 
t h e Bundelkhand g r o u p . In : K .S . V a l d i y a , S .B . Bhat ia 
and V.K. Gaur ( E d i t o r s ) , Geology of V i n d h y a c h a l , p p . 30-
46 . Hindustan Pub . Co . , New D e l h i . 
, 1983, S t r u c t u r e and t ec ton ic of t h e Bundelkhand 
complex : Centra l Ind ia , Rec. Rese r . Geo l . , V. 10, 
p p . 198-210. 
She ra ton , J .W. and Black , L . P . , 1988, Chemical evolut ion of g r an i t i c 
r o c k s in t h e eas t Ant rac t i c S h i e l d , wi ih p a r t i c u l a r 
r e f e r ence to pos t -o rogen ic g r a n i t e s : L i t h o s , V. 21 , 
p p . 37-52. 
. E l l i s , D . J . and Kuehner , S.M.', 1985, Rare e a r t h 
element geochemis t ry of Archean o r t h o g n e l s s e s and evolut ion 
of t h e East An ta rc t i c Sh ie ld : Bur . Miner . Resour . J . Aust . 
Geol . Geophys . V. 9, p p . 207-218. 
•127-
Smith , J . v . , 1974, F e l d s p a r Mine ra l s , 2 , chemica l and t e x t u r a l 
p r o p e r t i e s : 690 p p . Spr inger - Ver lag Ber l in Heide lberg 
New York. 
So lda tos , K. , 1962, Uber d i e k r y p t o p e r t h i t i s c h e Alb i te -Aussche idung 
in m i k r o k l i n p e r t h i t e n : Norsk Geologisk T i d s k r i f f t , V, 42, 
p p . 180-192. 
S t a v r o v , O . D . , 1971, Ore content in g r a n i t e and t h e geochemis t ry 
of Rb : Geochemis t ry I n t . , V. 8, p p . 739-754. 
S toese r , D . B . and E l l i o t , J . E . , 1980, Pos t -o rogen ic p e r a l k a l i n e and 
c a l c - a l k a l i n e g r a n i t e s and a s s o c i a t e d minera l i za t ion of t h e 
Arabian S h i e l d , Kingdom of Saudi A r a b i a . In : Al -Shan t i , 
A.M. ( E d i t o r s ) , Evolut ion and Minera l i za t ion of the Arabian-
Nubian S h i e l d , Bu l l . I n s t . A p p l . Geol . King Abdul Aziz 
U n i v e r s i t y , V. 4, p p . 1-23. 
S t r e c k e i s e n , A . L . , 1976, To each p lu ton ic rock i t s p r o p e r name 
: E a r t h Sc i . R e v . , V. 12, p p . 1-33. 
Sun, S - S . , N e s b i t t , R.W. and S h a r a s k i n , A . Y . , 1979, Geochemical 
c h a r a c t e r i s t i c s of mid-ocean r i d g e b a s a l t s : E a r t h P lane t . 
Sc i . L e t t . , V. 44, p p . 119-138. 
S y l v e s t e r , P . J . , 1989, P o s t - c o l l i s i o n a l a l k a l i n e g r a n i t e s : Jou r . 
Geo l . , V. 97, p p . 261-280. 
Tarney , J . and Saunde r s , A.D. , 1979, T race element c o n s t r a i n t s on 
t h e o r ig in of c o r d i l l e r a n b a t h o l i t h s . In : M . P . Ather ton 
and J . Tarney ( E d i t o r s ) , Origin of Gran i t i c B a t h o l i t h s : 
Geochemical Ev idence . Sh iva , Nantwich, p p . 90-105. 
Tauson, L .V . , 1965, Fac to r s in the d i s t r i b u t i o n of t h e t r a c e e lements 
dur ing t h e c r y s t a l l i z a t i o n of magmas : P h y s . Chem. E a r t h , 
V. 6, p p . 215-249. 
, 1968, D i s t r i b u t i o n r e g u l a r i t i e s of t r a c e e lements in 
g r a n i t o i d i n t r u s i o n s of t h e b a t h o l i t h s and h y p a b y s s a l t y p e . 
In : r. .FI, Ahrons ( l ^ d i l o r s ) . Origin nnd d i s t r i b u t i o n of 
thn nlnmbiits . p p . 1178. Pnrgnmnn PrnsR. 
T a y l o r , S .R . , Emeleus , C.H. and E x l e y , C . S . , 1956, Some anomalous 
K/Rb r a t i o s in Igneous r o c k s and t h e i r pe t ro log lca l 
s ign i f icance : Geochim. et Gosmochim. Acta, V 10 
p p . 224-229. 
a"d Heier , K . S . , 1958, Alka l i e lements in po tash 
f e l d s p a r s from the P recambr ian of snnthorn Norway • 
Geochim. et Gosmochim. Acta, V. 13, p p . 293-302. 
-128-
Taylor, S.R. and Heier, K.S. , 1960, The petrological significance 
of t race element variat ions in a lkal i feldspars : Proc. 
XXI Int. Geol. Congr., Norden, part 14, p p . 47-61. 
1965, The application of trace element data to 
problems in petrology : Phys . Chem. Earth, V. 6, p p . 
133-213. 
and McLennan, S.M., 1985, The continental Crust : 
I t s composition and evolution, 311 p p . Blackwell Sci. Publ. 
Tobi, A.C. , 1962, Character is t ic pat terns of plagloclase twinning 
: Norsk. Geol. T ids sk r . , V. 42, pp . 264-271. 
Tuach, J . , Davenport, P .H. , Dickson, W.L. and Strong, D .F . , 1986, 
Geochemical trends in the Ackley granite, southeast 
Newfoundland : t he i r relevance to maRmatIc - motalloRenlc 
procoBSOS in lilgli-slllcn f^rniilluld sysloiiis : t;and. Jour. 
Earth Sc i . , V. 23, 747-765. 
Valsov, K.A., 1966, Geochemistry of r a re elements, V . I . , Israel 
program for Scientific Translations, Jerusalem, 688 pp . 
Vance, J . A., 1961, Polysynthetic twinning in plagloclase 
Miner,, V. 46, pp . 1097-1119. 
Amer. 
Weill, D .F . , McKay, G., Kridelbaugh, S. and Grutzeck, M., 1974, 
Modeling the evolution of Sm and Eu abundances during 
lunar Igneous differentiation : Proc. 5th Lunar Sci. Conf., 
Geochim. et Cosmochim. Acta Suppl. 5, V. 2, p p . 1337-
1352. 
Whalen, J . B . , 1983, The Ackley city bathol i th , southeastern 
Newfoundland : evidence for c rys ta l versus liquid - s tate 
fractionation, Geochim. et Cosmochim. Acta, V. 47, pp . 
1443-1457. 
. Currie, K.I . and Chappell , B. W., 1987, A-type 
granites : geochemical charac te r i s t i c s , discrimination and 
petrogenesis : Contr. Miner. Pe t r . , V. 95, p p . 407-419. 
White, A.J .R. and Chappell , B.W., 1977, Ultrametamorphism and 
granitoid genesis : Tectonophysics, V. 43, p p . 7-22. 
^ and Chappell , B.W., 1983, Granitoid types and thei r 
dis t r ibut ion in the Lachlan fold bel t , southeastern Australia 
: Geol. Soc. America, Mem., V. 159, pp . 21-34. 
•129-
Whitney, J . A . , Lois , M . J . and Wolkor, R . I , , , 1970, Ago nnd or ig in 
of t h e Stone mountain g r a n i t e , Ll thonia d i s t r i c t , Georgia 
: Geol. Soc. Amer. B u l l . , V. 87, p p . 1067-1077. 
Wood, D .A . , Ta rney , J . , Vare t , J . , Saunde r s , A . D . , Bougault, H . , 
j o r o n , J . L . , T r e u i l , M. and Cann, J . R . , 1979, Geochemis t ry 
of b a s a l t s d r i l l e d in t h e North At lan t i c b y IPOD Leg 49 
: i m p l i c a t i o n s for t h e mant le h e t e r o g e n e i t y : E a r t h P l ane t . 
S c i . L e t t . , V. 42, p p . 77-97 . 
Wright , J . B . , 1969, A s i m p l e a l k a l i n i t y r a t i o and i t s app l i ca t i on 
to ques t i ons of non-orogenic g r a n i t e genes i s : Geol. Mag. , 
V. 106, p p . 370-384. 
Wyl l le , P . J . , Huang, W., S te rn , C.R. and Maalque, S . , 1976, 
Gran i t i c magmas : p o s s i b l e and i m p o s s i b l e s o u r c e s , water 
con ten t s , and c r y s t a l l i z a t i o n sequences : Cand. J o u r . Ea r th 
S c i . , V. 13 , p p . 1007-1019. 
Z i e l i n s k i , R.A. and F r e y , F . A . , 1970, Gough I s l and : eva lua t ion 
of a f rac t ional c r y s t a l l i z a t i o n model : Cont r . Miner . P e t r o . , 
V. 29, p p . 242-254. 
Zen, E . and Hammarstrom, J . M . , 1982, Magmatic e p l d o t e ' : hos t 
r o c k s , minera l compos i t ions , and s ignlf icancn : Geol . Soc. 
Amer. (Abs . wi th Prog.) , V. 14, p p . 652. 
Zlobin, B . I . and L e b e d e v , V . I . , 1960, Geochemical r e l a t i o n s h i p of 
L i , Na, K, Rb, and Tl in a l k a l i c magma and i t s 
p e t r o g e n e t i c s ignif icance : Geokhimiya , No. 2, p p . 101-124. 
APPENDIX 
Chemical Analys i s of F ive Types of Bundelkhand Grani te 
Hornblende Grani te 
Major Elements 
(Oxide Wl. %) 73 75 76 77 81 83 85 87 
SIO^ 
TiO^ 
^^2^3 
MnO 
CaO 
N a ^ q 
'^2° 
^2°5 
hd.A'i 
0.28 
16.34 
2 .80 
0.065 
1 .21 
2.57 
3.55 
4.12 
0.15 
65 .03 
0.60 
16 .43 
4 .90 
0.084 
] . 54 
3.57 
3.81 
3.90 
0.24 
64.35 
0.54 
16.76 
5.00 
0.069 
1.61 
3.75 
3.70 
3.61 
0.22 
66.10 
0.48 
15.73 
4.16 
0.062 
1.42 
3.13 
3.85 
4.80 
0.20 
65.36 
0.80 
14 .18 
4 .60 
0.068 
1.25 
2.67 
3.50 
5.32 
0.29 
65.60 
0,68 
15.70 
4 .80 
0.067 
1,28 
2,68 
3,60 
4,90 
0.27 
67,28 
0.66 
15.26 
4,60 
0,054 
1.15 
2.47 
3.85 
4.71 
0.26 
64.21 
0.57 
16.55 
4.90 
0.076 
1.59 
3.76 
3.96 
3.36 
0.22 
Total 97 .52 100.10 99 .61 99 .93 98 .03 9 9 . 5 7 100.29 99.20 
Trace Elements 
(ppm) 
Ea 
Rb 
Sr 
Cr 
Nl 
; u 
:;n 
: o 
»b 
Wl 
7 
Ub 
1' 
Zr 
Ga 
U 
Th 
A l^O j /CaO+Na 0+K n 
K^O/Na^Q 
K'Rb 
K/lia 
Rb/Sr 
U / T h 
Ni/Co 
Zr/Y 
T l /Zr 
TI 'Nb 
623 
222 
243 
63 
45 
11 
68 
20 
14 
32 
45 
21 
1092 
169 
291 
58 
41 
a 
81 
2C 
15 
42 
1216 
155 
510 
52 
39 
18 
73 
21 
15 
34 
28 
-
-
-
-
1.59 
1.16 
154 
2 .43 
0 .85 
-
2.25 
-
-
17 
177 
12 
3 
If) 
1 .45 
1.02 
392 
29 .67 
0 .58 
0 .19 
1.5M 
1 0 . 4 1 
20 .43 
19 
188 
13 
3 
n 
1.51 
0 .98 
193 
2 4 . 6 4 
0 .30 
0.38 
1 . (Ki 
9 .89 
1 7 . 2 2 
731 
209 
221 
49 
29 
12 
67 
25 
114 
30 
1.33 
1.25 
190 
54.44 
0.94 
L i e 
771 
218 
260 
58 
32 
15 
82 
22 
16 
34 
15 
26 
11 
6 
12 
1.23 
1.52 
202 
52.20 
0.84 
0.50 
1.4S 
319,73 
1062 
238 
266 
42 
32 
8 
74 
21 
16 
31 
1.40 
1.36 
171 
38.30 
0.89 
1.52 
796 
259 
259 
52 
29 
18 
69 
21 
17 
38 
1,38 
1,22 
151 
49,12 
1,00 
1 ,3(1 
902 
142 
298 
58 
45 
14 
76 
25 
13 
37 
70 
27 
30 
1,49 
0.85 
195 
31.98 
0,40 
126,56 
FB^O^ was de termined as total i ron . 
A p p e n d l x - A contd 
f o l i a t e d B l o t l t e G r o n l t e 
Majo r E lomon ta 
( O x l d o Wt %) (la 93 i n i 197 
202 189 194 
SIO^ 
T I O , 
'"°2°3' 
MnO 
MfiO 
rnC) 
(>7 21 
0 30 
15 06 
4 00 
0 055 
1 15 
2 hll 
3 92 
4 09 
0 17 
(,H ^7 
0 40 
15 fiJ 
2 70 
0 OfiO 
1 12 
2 04 
3 72 
5 05 
n in 
1)9 111 
0 35 
15 73 
1 BQ 
0 042 
0 74 
1 /5 
3 54 
5 00 
0 14 
70 07 
0 41 
15 56 
2 20 
0J050 
0 07 
1 70 
3 55 
4 50 
0 in 
71 21 
0 33 
15 13 
1 BO 
0 041 
0 71 
1 no 
3 65 
5 05 
0 n 
7 2 05 
0 54 
15 14 
2 10 
0 054 
0 95 
1 0(> 
3 65 
4 30 
0 in 
65 00 
0 53 
15 35 
4 00 
0 063 
1 37 
2 02 
3 30 
5 18 
0 20 
66 83 
0 46 
15 02 
2 30 
0 048 
1 14 
2 20 
3 25 
5 52 
0 19 
72 43 
0 24 
16 44 
1 20 
0 060 
0 52 
1 46 
3 70 
5 20 
0 10 
72 49 
0 24 
15 17 
1 50 
0 074 
0 55 
1 60 
4 50 
3 62 
0 10 
72 02 
0 16 
15 93 
1 00 
0 033 
1 53 
1 20 
4 00 
4 91 
0 08 
67 52 
0 36 
16 40 
2 40 
0 055 
0 00 
2 DO 
4 60 
3 99 
0 10 
71 96 
0 21 
15 42 
1 30 
0 068 
0 30 
1 33 
4 03 
3 61 
0 09 
67 50 
0 26 
16 34 
1 00 
0 052 
0 00 
1 70 
3 96 
5 90 
0 10 
T o t a l 100 31 09 17 101 GO 00 09 97 04 101 35 00 92 101 66 09 34 90 31 90 77 
i r n ro 1 lotni ints 
( p p m l 
B o 
R b 
S r 
r r 
M l 
C u 
7 n 
r n 
P b 
1 1 
V 
N h 
Y 
7 r 
Gn 
II 
I h 
A l^OyCnO^Nn^O. 
K^O/Nn^a 
< / U b 
K / O n 
l i b / S r 
U / T h 
/ r / Y 
T I / 7 r 
r l / N I ) 
610 
307 
262 
52 
27 
11 
60 
21 
16 
•"0 
35 
22 
27 
-
-
-
-
K n i 30 
1 n 
1 3 2 
r 5 
1 10 
-
1 ?>] 
-
1 0 1 04 
504 
320 
230 
Oil 
34 
0 
66 
2 r 
20 
47 
-
I I 
12 
201 
I G 
0 
24 
1 44 
1 T-
127 
7 2 
1 17 
0 30 
1 Id 
e 28 
11 0 1 
1 4 0 07 
220 
336 
203 
42 
34 
11 
57 
? l . 
20 
10 
-
22 
36 
100 
10 
14 
4( 
1 52 
1 41 
123 
102 
1 65 
0 30 
1 11 
6 53 
1 0 54 
0 5 16 
207 
296 
1 6 5 
IV 
24 
0 
63 
14 
24 
15 
-
21 
44 
212 
17 
17 
-
1 511 
1 ?li 
1 2 0 
i n n 
1 no 
-
1 ; i 
4 02 
11 50 
1 1 7 04 
310 
3 5 0 
224 
on 
30 
9 
57 
V 
18 
4 0 
-
-
-
-
-
-
-
1 44 
1 i n 
1 2 0 
135 
1 56 
-
1 20 
-
~ 
504 
324 
202 
52 
-
1 0 
50 
35 
45 
41 
-
-
-
-
-
-
-
1 51 
1 20 
112 
72 
1 r o 
-
-
-
-
9 0 8 
368 
253 
-
43 
15 
67 
17 
34 
-
61 
20 
13 
-
-
-
-
1 35 
1 '•6 
111 
44 
1 30 
_ 
2 5 1 
_ 
122 10 
925 
405 
2 4 1 
50 
29 
15 
58 
10 
22 
45 
-
20 
17 
200 
14 
15 
h? 
1 43 
1 no 
113 
50 
1 68 
0 24 
1 I I I 
7 70 
0 57 
137 00 
7 0 5 
429 
149 
11 
32 
7 
53 
10 
17 
-
-
-
-
-
-
_ 
-
1 50 
1 40 
101 
61 
2 87 
1 no 
-
274 
2 1 1 
115 
21 
17 
4 
73 
1 0 
27 
-
-
-
-
-
-
_ 
-
1 54 
11 80 
142 
110 
1 03 
0 no 
-
233 
263 
108 
31 
-
7 
49 
24 
17 
17 
-
-
-
-
-
_ 
-
1 57 
1 72 
15 5 
175 
2 41 
-
-
409 
243 
258 
50 
34 
11 
61 
?3 
10 
40 
-
-
-
-
-
_ 
-
1 44 
0 06 
136 
71 
0 94 
1 411 
-
173 
367 
92 
11 
22 
5 
60 
10 
16 
50 
-
-
-
-
-
. 
-
1 71 
0 no 
82 
173 
3 on 
1 i n 
-
515 
306 
130 
11 
27 
6 
47 
111 
15 
1? 
-
-
-
_ 
_ 
-
1 4(1 
1 i n 
i i i i 
y 
2 1 
1 ' ( 
Pa^O^vtSB do to rmlnod as to to l I ron 
Appendlx-A contri. 
Porphyrl t lc Blotlte Granite 
Major Elements 
(Oxide Wt. %) 69 72 79 80 86 139/1 141 
"•"2"3" 
MnO 
MgO 
CaO 
Na^O 
•^2° 
^ ° 5 
(.11.Ml 
0 . 1 ! 
I f i . U 
I . yu 
0.0-^.1 
n . s H 
n 95 
3 . 3 0 
b . 3 5 
0 . 1 9 
/ 1 . Ill 
I). H 
I S . 22 
2 . ' ) 0 
0 . 0 4 5 
0 . 6 1 
1 .34 
3 . 2 5 
5 . 2 0 
0 . 1 3 
l i ' ) .21 
U.24 
1 5 . 2 2 
2 . 5 0 
0 . 0 4 5 
0 . 6 1 
1 . 3 4 
3 . 3 3 
5 . 7 9 
0 . 1 6 
70,( lO 
0 . 4 b 
1 5 . 4 7 
2 . 2 0 
0 . 0 4 9 
0 . 6 7 
1 . 6 1 
3 . 4 5 
5 . 9 0 
0 . 1 5 
(.11.77 
0 . 5 2 
1 5 . 6 2 
4 . 2 0 
0 . 0 6 7 
i . n 
1 . 8 7 
3 . 2 6 
4 . 5 0 
0 . 2 0 
7 2 . 6 4 
0 . 3 7 
1 5 . 7 0 
2 . 3 0 
0 . 0 4 1 
0 . 5 9 
1 . 3 8 
3 . 3 2 
5 . 4 0 
0 . 1 4 
71 . 10 
0 . 5 7 
1 4 . 1 2 
1 . 9 0 
0 . 0 5 9 
0 . 9 1 
1 . 9 2 
3 . 2 1 
4 . 2 4 
O . I B 
7 4 . 2 2 
0 . 3 3 
1 1 , 0 0 
1 .50 
0 . 0 3 9 
0 . 2 6 
1 . 4 6 
3 . 5 0 
7 . 0 2 
0 . 1 4 
Total 98.98 99.88 98.44 100.55 98.26 101.88 99.00 99.56 
T r a c e 
( p p i n ) 
B a 
R b 
S r 
C r 
Nl 
Cu 
2n 
CD 
P b 
1 
V 
N b 
Y 
Z r 
Gf 
U 
T h 
Elements 
Al 0 , / C a O + N a 0+K 0 
KjO/N, 
K / R b 
K / B a 
Rb/, '3r 
u/rh 
Nl/Co 
Zr/Y 
Ti /Zr 
Tl/Nh 
a^O 
20b 
402 
120 
31 
22 
13 
53 
17 
16 
44 
-
20 
41 
254 
17 
13 
52 
1 . 5 5 
1 . 9 2 
131 
256 
3 .3 ' ) 
0 . 2 5 
1 . 2 9 
6 . 2 0 
7 . 7 9 
<)n.<m 
1 0 0 
358 
129 
4 2 
22 
13 
66 
20 
15 
54 
-
-
-
-
-
-
-
1 . 5 7 
1 . 6 0 
121 
432 
2 . 7 7 
1 . 1 0 
273 
356 
158 
45 
17 
7 
64 
18 
19 
51 
-
-
-
-
-
-
-
1 . 4 5 
1 . 7 3 
135 
176 
2 . 2 5 
0 94 
1 5 9 
415 
176 
36 
27 
8 
56 
21 
22 
34 
46 
40 
51 
-
-
-
-
1 . 4 1 
1 . 7 1 
118 
308 
2 . 3 6 
1 . 2 9 
6 8 . 9 5 
2 1 2 
3 3 3 
168 
42 
24 
1 5 
82 
19 
20 
42 
-
20 
41 
291 
12 
12 
46 
1 . 6 2 
1 . 3 8 
112 
176 
1 . 9 8 
0 . 2 6 
1 . 2 6 
7 . 1 0 
1 0 . 7 1 
1 5 5 . 8 5 
206 
355 
129 
26 
27 
1 0 
64 
28 
1 8 
48 
-
20 
38 
283 
15 
1 8 
50 
1 , 5 5 
1 . 6 2 
126 
218 
2 . 7 5 
0 . 3 6 
0 . 9 6 
7 . 4 5 
7 . 8 4 
1 1 0 . 9 0 
1 2 8 
375 
127 
42 
29 
9 
76 
22 
20 
61 
3 8 
40 
52 
-
-
-
-
1 . 5 9 
1 . 3 2 
94 
275 
2 . 9 5 
1 . 3 2 
8 5 . 4 2 
466 
580 
135 
26 
-
11 
69 
31 
51 
25 
31 
24 
28 
-
-
-
-
0 . 9 2 
2 . 0 0 
100 
125 
4 . 3 0 
8 2 . 4 2 
Appondix -A ( onid . 
( (1.11 sn Oral nod I (iii( ofirnnf to 
M n j n r 1 
( O x i f l o 
" " 2 
Mnt) 
MgO 
CaO 
Na^O 
' . loi i ionth 
Wt. \) 1 1') 
7 1 '.11 
l l . u d 
1 5 . ^ 1 
2.011 
I) II.!!. 
0 . 3 1 
1.2 ') 
2.(1') 
6 . 0 1 
0 . 1 0 
121 
/.' Ill 
0 . Ill 
\'',.^(l 
I HII 
II II 'II 
0 . 4 0 
1 . 2 6 
i . 0 5 
5 . 7 9 
0 . 1 0 
1.^' 
7 1. 
I) 
I S . 
1 . 
0 . 
0, 
1. 
). 
f). 
0 , 
Jf 
12 
IT) 
70 
112') 
, « 
12 
T i 
15 
10 
1 2 ; 
/ I .-I'l 
0 . 1 t 
1 5 . 4 1 
1 .00 
l).()27 
0 . 1 8 
0 . 7 4 
3 . 8 6 
5 . 9 8 
0 . 0 7 
123 
7 2 . 4 1 
1). I'l 
1 4 . ' ) 8 
1 . 6 0 
0 . 0 2 6 
0 . 2 9 
0 . 9 7 
3 . 0 0 
6 . 2 0 
0 . 0 9 
1 4 6 
7 3 .04 
0 . 2 1 
1 5 . 1 9 
1 . 2 0 
0 .G37 
0 . 3 2 
1 . 1 1 
3 . 4 9 
4 . 7 8 
0 . 0 8 
147 
7 3 . 2 8 
0 . 3 1 
1 5 . 3 1 
1 . 6 0 
0 . 0 3 9 
0 . 2 5 
1 . 2 2 
3 . 4 0 
5 . 8 0 
0 . 1 0 
1 4 8 
7 0 . 9 5 
0 . 2 ) 
1 3 . 0 7 
1 . 2 0 
0 . 0 1 9 
0 . 1 8 
0 . 8 9 
3 . 5 0 
6 . 0 5 
0 . 0 7 
152 
7 4 . 0 7 
0 . 2 4 
1 6 . 8 4 
1 . 2 0 
0 . 0 3 1 
0 . 2 5 
0 . 7 9 
3 . 4 4 
6 . 0 0 
0 . 0 8 
1 5 5 
7 3 . 5 7 
0 . 2 6 
1 4 . 7 4 
1 . 6 0 
0 . 0 3 0 
0 . 1 7 
0 . 8 6 
3 . 2 5 
5 . 2 9 
0 . 0 9 
157 
7 3 . 9 7 
0 . 2 3 
1 5 . 0 6 
1 . 8 0 
0 . 0 ! ) 
0 . 9 7 
0 . 8 2 
3 . 3 0 
5 . 9 
0 . 0 9 
159 
71 . 2 9 
0 . 1 5 
1 4 . 8 9 
1 . 4 0 
0 . 0 2 7 
0 . 7 4 
n . 6 5 
) . 3 0 
5 . 4 1 
0 . 0 6 
161 
7 3 . 5 1 
0 . 2 1 
1 5 . 6 0 
1 .50 
0 . 0 2 4 
1 .46 
1 ,11 
3 . 4 0 
5 . 7 5 
0 . 0 9 
Total 99 95 100.37 101.48 99.38 99.95 99.45 101.30 96.13 102.94 99.86 102.17 97.91 102.65 
Trace 
(ppm) 
lln 
U b 
:>i 
C r 
Ni 
Cii 
zn 
Co 
P b 
L i 
V 
N b 
Y 
Z r 
Ga 
0 
I h 
^ ^ 2 ° 3 / ' 
K^O/Na 
K / R b 
K / B a 
R h / S r 
U / I ' h 
N i / C o 
Z r / Y 
T l / Z r 
T l / N b 
« 
Elements 
;aO+Na O+K 0 
2° 
211/ 
374 
' 1 / 
3 1 
24 
10 
5J 
12 
27 
15 
-
-
-
-
-
-
-
1 . 4 9 
2 . 1 4 
Ml 
174 
1.H5 
-
2 . 0 
-
_ 
I'I'i 
171 
' I I , 
31 
22 
10 
66 
20 
21 
24 
-
24 
41 
JI19 
15 
17 
7 ) 
1 .54 
1 . 8 9 
129 
246 
t.HH 
0 . 2 3 
1 .1 
7 . 1 9 
7 . 3 7 
9 4 . 3 2 
2'! '! 
161 
'III 
12 
24 
R 
55 
IH 
43 
21 
-
-
-
-
-
-
-
1 47 
1 95 
141 
173 
I.6H 
-
1 . 3 1 
-
)4I 
465 
1 1'. 
31 
23 
9 
57 
25 
35 
19 
-
-
-
-
-
-
-
1.45 
1 . 5 4 
107 
1 4 6 
4 04 
-
0 . 9 2 
-
10') 
178 
' I I I 
31 
24 
8 
55 
18 
43 
21 
2'l 
38 
43 
-
-
-
-
1 . 4 7 
2 . 0 6 
136 
136 
5 . )2 
-
1 .33 
-
6 1 . 5 3 
260 
356 
H I 
24 
41 
9 
51 
23 
20 
49 
-
12 
34 
149 
14 
14 
43 
1 . 6 1 
1 .36 
1 1 1 
153 
4 . 2 8 
0 . 3 3 
1 . 7 8 
4 . 3 8 
8 . 4 4 
1 0 4 . 9 2 
526 
568 
122 
26 
1 3 
10 
53 
32 
43 
33 
-
-
-
-
-
-
-
1 . 4 6 
1 . 7 0 
85 
91 
4 . 6 5 
-
0 . 4 1 
_ 
233 
656 
7 1 
31 
22 
11 
55 
3 1 
42 
35 
-
-
-
-
-
_ 
-
1 .24 
1 . 7 2 
77 
216 
9 . 2 3 
_ 
0 . 7 1 
. 
170 
640 
/ I . 
31 
22 
9 
50 
34 
65 
33 
-
21 
43 
211 
15 
23 
89 
1 . 6 4 
1 . 7 4 
7 8 
293 
8 . 4 2 
0 . 2 6 
0 . 6 5 
4 . 9 1 
6 . 8 1 
6 8 . 5 2 
465 
465 
'III 
31 
24 
13 
63 
21 
25 
31 
29 
33 
29 
-
_ 
_ 
-
1 .56 
1 .72 
94 
140 
6 . 5 4 
1 . 1 4 
4 7 . 2 4 
653 
363 
'I'l 
16 
12 
11 
57 
30 
32 
35 
-
-
-
-
_ 
_ 
-
1 .50 
1 . 7 8 
135 
75 
3 . 8 2 
0 . 4 
)35 
418 
56 
21 
17 
10 
59 
28 
40 
29 
-
-
-
_ 
_ 
_ 
-
1 . 5 9 
1 . 6 3 
107 
135 
7 , 4 6 
0 . 6 1 
477 
4 50 
1 111 
31 
27 
8 
49 
39 
58 
36 
19 
20 
22 
_ 
_ 
-
1 .52 
1 .69 
105 
98 
3 . 6 2 
0 . 6 9 
6 2 . 9 5 
Fe^O^ was determined as total iron 
Appondlx-A nniitd. 
Major 
(Oxldo 
S10, 
T IO , 
AloO, 
F e , 0 ^ * 
MnO 
MRO 
CaO 
N a , 0 
K , 0 
PnOr 
ElBinonts 
wt. %) 1 (i:) 
lA.A^ 
0.14 
13.62 
0.B5 
0.024 
0.75 
0.71 
3.52 
5.39 
0.06 
Ki'l 
72.54 
0.14 
14.75 
1.00 
0.032 
O.dfi 
0.77 
3.32 
5.68 
0.05 
l i n o 
lf)5 
74.25 
0.15 
14 .58 
1.10 
0.025 
0.75 
0.82 
3.31 
5.79 
O.OB 
Orolnod 
166 
7 ' ' . 59 
0.13 
14 .41 
0.94 
0.024 
0.67 
0.81 
3.56 
6.31 
0.05 
I.ouco^ranlto 
167 
74 .11 
0.18 
14 .83 
0 .91 
0.028 
0.64 
0.74 
3.32 
5.85 
0.05 
168 
74 .91 
0.13 
14.79 
0.85 
0.026 
0.60 
0.84 
3.33 
5.23 
0.05 
175 
74 .61 
0.13 
15.76 
0.80 
0.019 
0.63 
0.82 
3.39 
5.11 
0.05 
139/A 
74.67 
0.19 
14.86 
0.90 
0.019 
0.45 
0.80 
3.19 
5.31 
0.06 
142 
73.7H 
0.21 
15.79 
1.50 
0.033 
0.32 
0.93 
3.31 
5.83 
0.08 
154 
72.51 
0.23 
17.911 
1.40 
0.023 
0.24 
1.25 
3.40 
6.35 
0.11 
2 5 
Total 99.39 98.94 100.82 101.49 100.61 100.75 101.32 100.45 101.78 103.47 
Trace Elements 
( ppm) 
Ba 
Rb 
Sr 
Cr 
Nl 
Cu 
Zn 
Co 
Pb 
LI 
V 
Nb 
Y 
Zr 
Go 
U 
Th 
Al 0 /CaO+Na 0+K 0 
K^O/Na^O 
K/Rb 
K/Ba 
Rb/Sr 
U/Th 
Nl/Co 
Zr/Y 
T l /Zr 
Tl /Nl ' 
63 
t)J1 
57 
29 
27 
11 
50 
41 
48 
24 
31 
52 
139 
13 
29 
54 
1.41 
1 .53 
70.90 
710.20 
11 
0.54 
0.66 
2.67 
6.03 
27.0(i 
43 
541 
50 
31 
22 
6 
53 
20 
31 
56 
-
-
-
-
-
-
1.50 
1.71 
87.15 
1096.50 
11 
-
1.10 
-
-
-
84 
506 
63 
31 
27 
13 
50 
45 
33 
33 
-
-
-
-
-
-
1.46 
1.74 
94.98 
572.19 
8 
-
0.60 
-
-
-
72 
612 
55 
52 
29 
7 
44 
27 
30 
30 
-
-
-
-
-
-
1.34 
1.77 
85 .31 
727.50 
11 
-
1.07 
-
-
-
85 
508 
51 
52 
34 
6 
40 
27 
27 
11 
14 
36 
41 
-
-
-
-
1.49 
1 .76 
138.72 
829.05 
10 
-
1.26 
-
-
23.30 
91 
534 
41 
63 
34 
6 
41 
45 
28 
33 
-
-
-
-
-
-
1.57 
1.57 
81.30 
477.08 
13 
-
0.76 
-
-
-
95 
471 
69 
62 
-
6 
33 
20 
35 
18 
21 
50 
119 
18 
28 
55 
1.69 
1.50 
90.06 
446.50 
7 
0 .51 
-
2.38 
6.54 
3 7. on 
161 
352 
79 
50 
-
7 
39 
24 
17 
13 
22 
41 
169 
13 
22 
78 
1.59 
1.66 
125.22 
273.78 
4.45 
0.28 
-
4.12 
5.39 
ni .77 
238 
393 
98 
42 
32 
9 
60 
23 
22 
27 
-
-
-
-
-
-
1.56 
1.76 
123.14 
203.34 
4.01 
-
1.39 
-
-
. 
495 
342 
112 
46 
41 
8 
41 
24 
14 
31 
-
-
-
-
-
-
1.63 
1.86 
154.13 
106.49 
3.05 
-
1 .71 
-
-
-
Fe„0 was determined as total I ron. 
